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The Science 5/13 Project 





Foreword 





‘Science 5/13’ is a Project sponsored jointly by the 
Schools Council, the Nuffield Foundation and the 
Scottish Education Department, and based at the 
University of Bristol School of Education. It aims at 
helping teachers to help children between the ages of 
five and thirteen years to learn science through 
first-hand experience using a variety of methods. 


The Project produces books that comprise Units dealing 
with subject areas in which children are likely to 
conduct investigations. Some of these Units are 
supported by books of background information. The 
Units are linked by objectives that the Project team 
hopes children will attain through their work. The aims 
of the Project are explained in a general guide for 
teachers called With objectives in mind which contains 
the Project’s guide to Objectives for children learning 
science, reprinted at the back of each Unit. 


Margaret Collis has been a valued friend of the Science 
5/13 Project since it began. It is entirely appropriate, 
therefore, that having written Using the environment, she 
should, with characteristic generosity, have made it part 
of the Project’s materials. 


For years before the Project even began she, | and 
others in the Project team had been working together on 
teachers’ courses and on committees of various kinds, 
exploring child-centred ways of working in science and 
helping to introduce them into schools. Margaret Collis 
still works tirelessly with teachers of varied experience, 
and in the generous atmosphere she always creates, 
they respond with enthusiasm and conviction. She has 
become aware of their doubts and uncertainties, and 
having accumulated a great store of first-hand 
knowledge about what they really want to know, she 
offers them the advice they need and through it the 
confidence they seek. 


Both knowledge and advice are now recorded in a book 
for teachers to keep by them and to consult year by 
year. It took many years to write, and it will be many 
more in active service. 


L. F. Ennever 


University of Bristol 
1974 
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Introduction 





1 Making thorough investigations 
Objectives 








2 Where shall we go? 

What is it like here? What can live and grow in a place like this ? 
Looking for plants 

Looking for animals 

A comparative study 


3 What is it like? 

Investigating by looking 
Investigating by feeling 

Investigating by listening 
Investigating by smelling and tasting 
Estimating 

Counting 

Measuring 

Making models 

A note about nomenclature 























4 What do we mean by mass, weight, force and density ? 
The concept of mass 

The concept of force 

The concept of weight 

The concept of density 














5 What does it do? 

The movements of small creatures 
Where do they go ? 

The effect of environmental conditions 
Feeding habits 





6 What happens when... ? Some ways of testing materials 

Is the material hard ? 

Can the material be divided into smaller pieces ? 

To what extent will the material bend ? 

How much pulling can it stand ? 

Can we learn something about a material by making it move ? 

What can we learn about a material by making other things move through it ? 
Can a material be changed ? 

Can we change the colour ? 

What happens when we put two materials together ? 





7 Some suggestions for projects 
Looking after the countryside 

Finding the best building materials for the job 
What materials can children investigate ? 
Children’s sorting activities 
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This is a book about field studies. It deals with 
investigations and problems children can discover 
through their natural interest in their outdoor 


surroundings. Such first-hand experience, gained from the 


environment, is the basis of learning, provoking thought, 
giving children many ideas to share through speech and 
writing and sending them to books and other 

secondary sources of information to add to their own 
findings. 


In the countryside there is so much more material of 
educational value than one book can cover that here 
there must be selection. We concern ourselves with 
things that have always interested scientists—natural 
phenomena that can be investigated through the 
human senses. 


No rigid course with the same material for all is offered, 
that would fail to satisfy children’s individual needs. 
When children work naturally they respond to the same 
starting points in different ways and soon become 
interested in different aspects of a common study. 
Later, as their development continues, they acquire the 
ability to make general statements about their 
experience or, as we usually say ‘form concepts’, but, 
here, again, it is through varied experience that each 
child’s understanding of ideas is consolidated and 
deepened. 


Piaget, and others, have shown that children pass 
through the same stages of intellectual development in 
acquiring the power of conceptual thought but there is 
nothing sudden about this maturing, it is something 
children come to at their own rate with frequent returns 
to earlier ways of thinking and working when new 
situations have to be faced. This means that we shall 
find children, even of the same age, at different stages 


in the way they learn from their surroundings, so 
teachers must be prepared to vary their influence 
correspondingly. For these reasons the material in this 
book is arranged in an order that can be related to 
children’s changing needs as their experience of 
outdoor investigation increases. 


Volume 7 is concerned with the earliest exploration 
beyond the classroom when children need experience 
that can sharpen their sensory perception and help 
them to think about the numerical and spatial aspects 
of their surroundings. 


Usually this would apply to infants but older children, 
coming to field studies for the first time, will need some 
practice in early stages of the work before they become 
ready to deal with studies appropriate for more 
experienced investigators. 


Volume 2 contains many questions and suggestions 
designed to help children work actively and 
purposefully on studies in depth. They become ready to 
do this when they find something of particular interest 
on which they wish to focus attention. 


Vo/ume 3 could serve as an impetus to children’s 
investigation of some major biological ideas and 
relationships through the design of controlled 
experiments. They should be able to deal with the 
reasoning this involves as their capacity for abstract 
thought develops. 


Volume 4 is relevant to fieldwork at all times. It deals 
with ways and means of providing the facilities, 
equipment and raw materials children need for all 
stages of their outdoor investigations and resulting 
activities on their return to study areas in school. 


A book concerned with the countryside should create 
awareness of the many ways in which living things and 
environmental conditions affect each other, so 
suggestions for studying these relationships and the 
consequences of disturbing them have been included. 
Every future citizen requires this knowledge as a basis 
for responsible attitudes towards the use of land and 
natural resources (ie conservation) in view of the ever- 
increasing demands a rising world population and 
desire for better standards of living will continue to 
make on the world’s finite stores of materials. 


Although this book is about children it is not for them, 
it is a book for teachers and it could not have been 
written without their help. Many teachers, and in 


particular some in Derbyshire and Kent, have 
contributed directly or indirectly to its contents. They 
have done so by encouraging children to pursue 
scientific interests, share common experiences and 
record what seems significant to them. They have 
collected questions children have asked, described 
models they have designed and noted suggestions and 
problems that have absorbed their attention. In this way 
a large collection of ideas has emerged from children’s 
purposeful activity, guided carefully by thoughtful 
teachers. This is now available as a source of 
inspiration from which other teachers can select when 
children they know, show by their questions and 
behaviour, that they are near the end of their own ideas 
and resources and need contact with the greater 
experience of an interested adult. 








1 Making thorough investigations 





As children become familiar with their surroundings they 
will sooner or later find something that holds their 
interest and seems worth more detailed study. 


This happened with a class of about thirty children aged 
between nine and eleven in a small school near one of 
the Midland coalfields when they made a study of some 
waste ground adjoining their playground. They began on 
a beautiful day early in the summer term when their 
teacher suggested outdoor work and they all went to the 
playground fence to look out at the patch of uneven 
ground covered with tangled vegetation and the 
miscellaneous debris miners and potters discard. 


After some discussion about how to start, the children 
dispersed in twos and threes to different parts of the 
ground to carry out preliminary reconnaissance. Their 
teacher's suggestions and questions, based on 
objectives similar to those given in Volume 1, helped 
them to make this a time of purposeful observation 
rather than aimless wandering. 


From the beginning the children’s investigations proved 
rewarding so they soon had much to note and compare 
and eventually returned to school with plenty of 
material to sort and use in a classroom display. The work, 
which had so far been done by everybody at the same 
time, continued more informally, for children soon found 
it necessary to return to the waste ground at odd times 
to check their observations or add to collections. They 
chose many different ways of producing further 
information for their records. The teacher kept closely in 
touch with all developments as she moved around 
commenting and advising individuals. Other types of 
work also formed part of each daily programme. 


About a week later she noticed that one boy was giving 
more attention to his steadily growing collection 


of bones. Did this mean that other children might be 
ready to make more specialised studies ? Obviously 

it was time for another class discussion to find out 

and to consider further development of the whole project. 





Some children, like the boy with the bones, produced 
work they wished to continue or readily made 
suggestions. They were soon joined by some of their 
friends interested in helping. There were others with no 
wish to join these groups because they had in mind 
particular plants and animals they wished to investigate. 
The few children not ready to fit into either of these 
categories were taken on by the teacher who guided 
their work more closely. 


After this the classroom gradually assumed a ‘new look’ 
as the children grouped their chairs round a number of 
focal points—groups of tables on which their collections 
and records accumulated. As the exploration provided 
continual inspiration for writing, painting, charts and 
models, more and more of the daily programme became 
devoted to the study of the waste ground. The group 
dealing with bones searched for clues that would help 
them to relate their specimens to whole skeletons and 
brought material from home and the butcher's shop for 
further comparisons. 


Two or three boys worked out ways of comparing soils 
from different parts of the area and at varying depths. 


Members of another group examined and tested finds 
from the remains of a slag heap, sorted these according 
to certain properties and later, with the help of books 
and a worker from the pottery, found out a great deal 
about the changes some of their materials had 
undergone between the time of their removal from the 
ground and their arrival on the tip. 


The little group working with the teacher compared the 
two sides of a ruined wall. 


Four children who wished to make a plan of the area did 
a particularly interesting piece of work. They found no 
difficulty in measuring the boundaries and tracks 
crossing the ground but they had to think of a good 
way of recording the situation of the plants, for there 
were too many to draw. Eventually, after a good deal 

of argument and reference to their teacher they 

agreed to represent each type of plant by a different 
symbol, eg: 


Rosebay willowherb A Golden ragwort @© 
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On their plan they grouped some of these symbols 
together to represent patches of plants, and placed 
others singly. In this way they produced something like 
the chart an ecologist might construct to record the 
plants in flower on an area at a certain date. 


The children’s plan looked something like this 





The children’s record was only a rough estimation but it 
gave a very fair indication of the distribution of the most 
conspicuous plants on that waste ground. They soon 
realised that repeating this work at different seasons 
would be a good way of making studies of the way the 
plant life in that place changed. 


All these activities led to plenty of argument. Later when 
all the work was on display, ready for the end-of-term 
‘Open Day’, the children were able to examine it and 
suggest significant statements that might be made 
about the whole area they had found so interesting 

to study. 


When children have become sufficiently experienced to 
choose their own individual investigations they need 
teachers they cannot satisfy easily. After one outdoor 
expedition a ten-year-old girl of good ability pressed 
and mounted a celandine very nicely, then beneath it 
wrote, ‘This flower looks like a buttercup but grows in 
woods and on banks. It comes out in early spring when 
the weather gets warmer. There are many of these 
flowers around the quarry and we even found some on 
the marshes.’ With the right kind of encouragement from 
her teacher she might have written something much 
better than these few vague statements. 





An individual investigation of fungi 


Teachers need to be aware of what is involved in 
making a thorough investigation. They must encourage 
the children to ask themselves questions about their 
finds and then think of things to do with them or to 
them that may supply the answers. This makes 
first-hand investigation a very active process involving 
magnifying, counting, measuring and testing specimens 
in many different ways and this should be continued 
both out of doors and in the classroom until there 
seems to be nothing left to ask or to do. 


Although this is a natural way of working, the 
superficiality of the records made by many primary 
school children shows that they are not automatically 
aware of all this. When children return from outdoor 
work with their material and data, some general class 
discussion about this method of making discoveries can 
soon give them a good idea of what is required, but 
after that the initiative and persistence with which they 
tackle the jobin hand will vary greatly. Some will need more 
stimulus from discussion with the teacher than others. 


This gives the teacher more problems, since a number of 
children all developing their own investigations at 
different speeds may wish to consult her at the same 
time. This is when she might find it worthwhile to 
consider the use of materials such as assignment cards 
or some other form of programmed material, a matter 
that has often led to argument at teachers’ courses. 


Obviously, it will always be useful to have cards of 
instructions about the correct ways of carrying out 
techniques or making equipment that is often used, for 
such aids enable children to get the information they 
need without waiting or asking a teacher. It is a very 
different matter, however, trying to write wording for 
cards that will encourage children to think out for 
themselves ways of dealing with their specimens or 
problems. Most children will just try to follow 
instructions such as ‘You will need .. .”, ‘Now do 

this .. .", ‘What do you see ?’ on assignment cards, and 
then wait for the next lead from whoever is doing the 
thinking. At the other extreme, a request such as ‘Tell 
me all you can about your fungi’ is so general that it 


How does the branch fork ? Making a life-sized record 


does no more than leave a child to its own devices. 
Thus, in the design of cards, wording of questions and 
suggestions that really encourage children to do their 
own thinking is very important. For example, ‘How 

many waterproof materials can you discover ?’ is a better 
challenge than ‘Find three waterproof materials’ for it 
does not disclose the final answer, ie, it is open-ended. 

It provides children with an incentive to continue looking 
for more materials to test in the hope of finding yet one 
more of the type required. 


All this suggests that the most valuable assignment 
cards will be those made by the children’s own 
teachers, for who, after all, can make a better judgement 
of what is required than the person involved ? 


As children deal with their work the teacher must still 
decide when she should provide aid in the form of 
conversation or other resources. If the children’s 
initiative is not to be cramped, these decisions must be 
related to the differences between the children 
themselves. Many will become more resourceful and 
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self-sufficient as they get used to making their own 
investigations, but there will always be some who lack 
ideas and need constant help. Perhaps the best plan is 
to encourage children to ask their own questions and 
try out their own ideas for examining their finds first, 
and then turn to their teacher for comments or 
suggestions when they are ready to check whether they 
have taken their investigations as far as they can 
possibly go. 


Since much of the work that is likely to develop at this 
stage is in response to questions, the ideas for 
investigations which follow have been related to some 
of the questions children between the ages of eight and 
twelve years and their teachers often tackle together. 


The more children’s curiosity is aroused by outdoor 
experience, the more they will need opportunities and 
facilities in school for observing, testing and recording, 
so some suggestions for indoor activities that can arise 
directly from outdoor explorations have been included 
as an essential part of fieldwork in all these books. 


As there are so many things children can do we have 
much source material. It should be used selectively 


when teachers and children feel in need of further ideas. 








Objectives 


What developments in children can we expect when 
they work in the way we have just described ? 


Through their attempts to discover the information that 
they each decide they want, they can learn much, but 
they will not all get identical items of information. 
However, there will also be many occasions when they 
do meet the same ideas through thinking about 
different problems. 


But it is much more important to realise that children 
dealing with investigations that they have chosen 
themselves have many opportunities of developing their 
skill in working independently, co-operating with others 
similarly interested, exercising ingenuity, making 
decisions and thinking critically about observations and 
tests they may undertake. 


It has been shown that teachers have a vital role in 
helping all this to happen. So it follows that they will 
find their objectives in encouraging these developments 
in children. 





2 Where shall we go? 








There is something interesting to be seen everywhere, 
but outdoor sites immediately accessible to schools or 
residential field centres are the best places for the 
investigations that require frequent and continuous 
attention. 


As children grow older, they should have opportunities 
to explore different types of countryside in order to 
compare one place with another. 


Choice must depend on what is available within 
reasonable travelling distance, for fieldwork cannot be 
worthwhile unless the children are allowed enough time 
on the site to investigate thoroughly. Every district, 
however, will contain some of the following places: 


Waste ground Chalk grassland 
Common land Heath or moorland 
Parks Marshland (fresh water, salt water) 


Gardens Ditches and ponds (still water) 
Country lanes Streams (flowing water) 
Hedgerows Seashore (rocky and sandy) 
Meadows Sand dunes 

Woodland Shingle beaches 


If possible children should gain experience of both land 
and water habitats. 


When the type of place chosen covers a large tract of 
countryside a representative study area should be 
selected beforehand by the teacher. This should be 
small enough to allow children time to gain some 
general impressions of the whole before turning to more 
individual work. (See volume 4, pages 42-49 for further 
suggestions for organisation. ) 





What is it like here ? What can live and 
grow in a place like this? 








By associating these two questions in children’s minds 
we can help them to become more aware of the 
relationships often existing between living (ie 
environmental) conditions and the plants and animals 
they find. 


The first question is not easily answered, because the 
features of a place—like occasional tree stumps, holes in 


the ground, overhanging rocks, or cow pats—can cause 
many different conditions to exist within a larger area. 
(For examples of microhabitats, see Volume 4, page 11.) 
Therefore at this stage it is enough to encourage 

children to note the most obvious features of their 
surroundings. 


The second question should never be answered by 
indiscriminate collecting. We know that children like to 
range freely and make their own choices, but nothing 
will be gained if interesting specimens disappear from 
the site because of the children’s uncontrolled 
enthusiasm. 


Proliferation of collected specimens is unnecessary if 
there are good arrangements for maintenance and 
display in the school, in which case the same specimens 
can be used by many children on different occasions. 








Looking for plants 





On the first visit children might begin by looking for the 
six most common plants on the site. 


How could they determine which are the most 
common ? (After collection at least fifty specimens 
should remain for others to enjoy.) 


On subsequent visits some suggestions from the 
teacher can ensure that the groups of children take 
limited amounts back to school for further study, while 
still allowing them plenty of scope for following their 
own particular interests. 


Here are some ideas for collections : 


1. The three most common plants from a place that is 
shady, sunny, marshy, trampled, etc. 


2. Three plants belonging to one of the following 
families : 


Dandelion (Compositae), early spring to autumn. 
Pea (Leguminosae), June and July. 
Dead nettle (Labiatae), summer term. 


Such a collection can be very interesting to children of 
eleven to twelve years, since it illustrates the differences 
and similarities within one family. 


3. Plants with many small flowers massed together in 
different ways. 


4. Plants with no flowers. 


5. Plants with no green leaves, eg, an autumn collection 
of fungi. 


6. Plants with fruits or seeds attached to plumes. 
7. Plants bearing seeds in pods. 
8. Plants bearing berries. 


9. Four plants climbing in different ways. 


10. Six plants with conspicuous protective devices 
(stings, thorns, etc): 


Some children could begin a woodland study by 
concentrating on the plants they find at different heights. 
A display illustrating their combined discoveries could 
then be set up on return to school in preparation for 
further work. 


Some investigations will involve collecting information 
rather than specimens. Children might adopt a 
particular common plant and then divide into pairs or 
small groups. Then on foot, armed with a list of habitats 
likely to be encountered, they could mark off the places 
where the plant was growing. 


After the expedition they could bring all their results 
together on the following type of chart. More 
observations can always be added. 
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A classroom display of woodland plants from different levels 


Generalisations from the experience of 
finding plants 

By the time children are eleven or twelve years of age 
they may have sufficient evidence for making the 
following general statements about their varied 
experiences. 


Certain collections of plants seem to belong in certain 
places, eg woodland flowers, weeds of cornfields, chalk 


or limestone flora. Other plants occur in many different 
places. 


There are plants that give some places their special 
appearance: 


Grasses <> meadows. 
Trees and bushes «———-® woodlands. 


Heather and ling «——-® heaths and moorlands. 
a 


Looking for animals 


Different collecting methods are required for different 
animals. Only creatures required for immediate study 
should be taken and they should be returned to their 
natural habitats as soon as possible. Field observations 
recorded on charts or check lists can often replace 
collections. (See page 10 for an example.) 


Where can we find them ? 

Under things 

1. Small insects and the eggs of invertebrate creatures 
may be found under bark. 


Carefully prise up pieces of bark by hand or with a 
widger. Transfer creatures to a container with a dropper 
or old teaspoon; or use an aspirator (pooter). Take 


some rotting bark for food. Avoid the bark of living trees. 


The bark on fallen logs and stumps covers better hiding 
places. 








An aspirator or pooter 






Glass tubes 
Polythene tube 


Butter muslin 


Polythene jar 


2. Woodlice, centipedes, small insects lurk under stones 
in gardens, on waste ground, etc. 


Turn the stones over gently. Lift any creatures you find 
into containers. Use an old teaspoon for this if the 
creatures are delicate. Replace the stone carefully. 


2 


3. Sponges, marine worms, starfish, crabs, winkles, tor 
shells can be found on rocky seashores. 


Gently raise seaweed and smaller boulders. Place the 
finds in polythene collecting jars with a little sea water 
and sand, taking care to keep creatures that might be 
carnivorous separate. Replace rocks or seaweed in their 
original positions. 

Surrounded by material 

deseo 

Here we have earthworms, their cocoons, insects, insect 
larvae and pupae, woodlice, centipedes, nematodes 

(ie roundworms) and the egg cases of spiders. 


a. Remove soil from different depths with a trowel or 
soil corer. 


Place the samples in separate polythene bags. 


In the classroom spread out the soil, a spoonful at a 
time, on white paper or polythene. 


Sort it carefully under a magnifier (Leech Lab-Mag). 


Pick up the creatures with a spoon or paintbrush. 


Tripod magnifier 





b. Set up a Tulgren funnel arrangement. 


















Reflector 
Light bulb 
Soil 

Sieve with 
handle 


removed 


Cone of 
Manila 
paper 


Jar of ethanol 





The heating and drying action of the bulb causes the 
creatures in the soil to move downwards and fall into 
the jar of ethanol. If the creatures are required alive, 
ethanol must not be used. 


2. Leaf litter. 
Springtails, bugs, woodlice, millipedes and spiders are 
found here. 


Collect samples of this litter from different depths. 
Place them in separate polythene bags, and treat as 
described in no. 1 (a and 4) above. 


3. Fresh water. 

In ponds, ditches, streams and water troughs we can 
find a wealth of living things: leeches, crustaceans such 
as gammarids and water fleas, many insect larvae and 
insects, tadpoles, minnows and sticklebacks. 


Carefully draw a net through the water. Try to avoid 
disturbing the mud beneath. 


Transfer the catch to a shallow dish of water. Watch 
carefully and select some specimens for further study. 
Transfer these to polythene jars of water by means of a 
strainer, teaspoon or dropper (pipette). 


Keep any creatures suspected of being carnivorous 
separately. 


4. Sea water. 
Rock pools often contain sponges, anemones, shrimps, 
starfish, and small fish such as blennies and gobies. 


Most of these creatures are best transferred to collecting 
jars of sea water by hand. 


Shrimps can be caught with a net as in no. 3 above. 

If they are kept for any length of time, the sea water 
must be very well aerated and free from seaweed, which 
soon decays. 


5. Very small creatures in salt, fresh and stagnant water. 


Tow a plankton net behind a boat or while walking over 
a bridge. Alternatively, throw out a weighted polythene 
jar attached to a length of string and haul it in again or 
dip a small specimen tube or bottle into the water and 
cork it. 






Plankton net 


Place some of this water in a shallow dish and examine 
carefully with the aid of a stereomagnifier. 


Transfer drops of this water on to a glass slide, 

gently lower cover slip over it and examine by 

means of transmitted light (see Volume 4, pages 64-67) 
under a monocular microscope. 
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6. Mud beneath water. 
Tubifex and the resting stages of invertebrate creatures 
are often discovered here. 


Probe with a tin fixed to a long stick. Place the material 
obtained in a shallow dish of water, and allow the mud 
to settle. 





Probe 





Transfer those creatures required for study to a 
collecting jar with a dropper or small net. 


7. Air. 
Many insects reach considerable heights. 


Fix a nylon net to a tall pole or tree as with a wind sock. 





Examine any contents at intervals with the help of a 
stereomagnifier (eg the Prior or Griffin models; 
see Volume 4, page 64). 


8. In leaves. 
Mining insects penetrate the leaves of many plants. 


Collect whole leaves inhabited. 


On the ground surface 

Small mammals that live in undergrowth often run 
freely over the ground surface. They can be captured by 
trapping. They should be dealt with as soon as possible 
because they will starve if they are prevented from 
feeding. 
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Food (scraps, seeds) 
serving as bait 


Metal foil 


Large sweet jar 






Knitting needle with 
point filed off 











1. This trap can be concealed in the undergrowth. 


A hole is cut in the Bakelite screw-top lid. A door is 
made by bending metal foil over a knitting needle. 

Two holes are drilled in the lid to take the needle and 
secure the swinging door. The animal is attracted by the 
food and enters the trap, but cannot escape through the 
one-way door. The idea for this trap was obtained from 
Field Ecology, by E. A. Phillips, BSCS Laboratory Block 
Series (Heath, 1965), page 53. 


2. A pitfall trap. 


This sort of trap can also be used for trapping insects 
such as beetles. If it is used for that purpose, a platform 
of perforated zinc should be placed over the bait. It is 
easier to see these smaller animals on this. 





On things 
Small insects such as aphids, slugs and snails can be 
found on vegetation. 


For insects on trees and shrubs, spread a sheet of white 
plastic on the ground. Gently brush and shake the 
vegetation with a long stick. Transfer into boxes with a 
spoon or dropper the creatures that fall on to the 

sheet. 


Collect slugs and snails by hand and transfer to plastic 
boxes containing the food plant. 


Barnacles, mussels and limpets cling to rocks on the 
seashore. Collect them by hand and place them in 
containers of sea water. Examine them in water with the 
aid of a large magnifier or stereomicroscope. 


See also: Minibeasts Stages 71 & 2, Science 5/13 
(Macdonald Educational, 1973), pages 14-16, for a list 
giving times of the year when small creatures can be 
found; T. J. Jennings, Co/lecting from Nature 
(Pergamon, 1971). 


It will often be beyond the children’s power at this stage 
to identify many of the small creatures found but some 
very useful information can be collected by means of 
counting and measuring. 


Quantitative investigations 
Estimations can be made of: 


1. The approximate numbers of small creatures shaken 
or brushed during the same periods of time from two or 
three leafy areas of similar size. 


2. The numbers of visible aquatic creatures contained in 
similar volumes of water drawn from different places 
along a stream. 


3. The sizes and numbers of small creatures found in leaf 
litter or soil at different depths. 


Here is a method of recording an investigation of small 
creatures in leaf litter. Any observation made at the same 
time about the type and condition of the leaf litter 
should also be noted. 


Tape ect eeaar ae ee 


Digging, to'Somdupth — fo Som depth 


Digging to 6-I5cm depth fo 6-15cem depth Digging to lo-30cm depth fo lo-300m depth 


SSS as a 
Is |5mm 5mm {1-5 5mm 








Setting up a display in which models of small animals are related to their surroundings 


Generalisations from experience of 
finding small animals 

Since animals move, the number of them that will be 
found in a particular place at any given time 

will vary. 


Many animals build homes, such as burrows, nests, 
webs, etc. The same species of animals often build 
their homes in the same types of place. 


Within a small area different animals place their homes 
in suitable positions at various levels. In this way, many 
can live close together in the same area. 


Small animals seem to occur in greater numbers than 
large animals. For example, in summer there are 


many more water fleas in a pond than great diving 
beetles. 
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A comparative study 





This description illustrates the division of labour involved 
when a class of nine-to-eleven-year-old children made a 
simple yet very effective comparative study of three 
interesting places they could reach from their rural 
school. 


The teaching of this class was shared by the 
headmaster (mornings) and a part-time assistant 
(afternoons). One year in mid-May, the headmaster 
divided the children into three groups of approximately 
ten children per group, and on three afternoons went 
out with each group in turn for a half-day of 
exploration, leaving the remaining children at work with 
the assistant teacher. 


The first group went to some low-lying marshland wild flowers for later study and preservation ; sketched 


bordering an estuary; the second group visited a small some birds seen; collected any animal tracks they could 
piece of woodland; and the third group explored some find; and noted general features of particular interest. 
heathland on the highest ground near the school. On 
each occasion the children carried out similar These activities yielded sufficient follow-up work in 
investigations. They collected a few of the most common school for the rest of the month. 

& 


NORTHWARD HILL ——__—— 





In due course the records of each group were mounted Note: There is no need to suggest studies of plant and 
side by side against a silhouette provided by the animal communities at this stage, since that work 
headmaster illustrating the different levels of the areas would be too complex. The experience of comparing 
explored, and then some of the conspicuous differences different places as described here will simply form part of 
between these places immediately became obvious. the foundation for more advanced work later. 


aay, 













& 











{ SYCAMORE CHesrner 
\xsimenn— | 
iss as ise 








HAwTnoenN 





————— 
z cea 

















Tha Si 
in second at wax to the worded jyorth reng 
gle wheeh form the mmm area ot ule sew 


(corparteressa lSp ne speek son thew 


qrougen, the tvean, thse ux aad da stort 
Mnsng ¢ ue 





tween wttine sores ot ot 
Tilly sycamane Sumy clllees und Sustrty The 



































THE MARKS IN THs BARK 
WERE MADE By BARK OpErLes i val pone outta as ty eed nar Liagnr ala 
AR s a wer Nabi of erm ade ht og stant 
WE Fowwo weed Lice Using THEM ae ously vlaadrells Red Campa: Vollew 
Jot, preva wet day 





Dog wounr 










nl oy onto da 







RS Tunnecs 
Yeurout 


Neare 





Py 


Peed Preiemonl 


po dliep 


Keo Camneyost 
wk wy aed hk be 





Bivedeu 


18 





Heash 






The 





oRANeE UL 


Ca 









Weash 





Sur fee ee wen co che 
vrutharn heumdary (cmpartomes t 
Needy plata sheer 

























wel, There are fink vanem 





New cul du Mideny oo 










matty pam hsashlomd 






Hameo, Pevae Fry en tend Garts, Fllewrng 








which 










we 








hid 
4 


Daisy 





SHErHeRD's 
Puase 


RED DEAD 
“e 





DANOELION 











ner 


19 





3 What is it like? 





Even when children are left quite free to select their own 
investigations they are likely to ask this question about 
plants, small animals and pieces of scrap material, for 
these are the things they will be most likely to find in 
the places they explore. 





Investigating by looking 





How many views of specimens can be discovered ? 
Children should be encouraged to look at them from as 
many viewing points as they can find by changing their 
own positions in relation to their specimens. Above: A snail viewed from below 

Below: Viewing from above. Do the tadpoles ever collide ? 





Viewing from the side. Are both sides alike ? 
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Can things be made to appear larger ? (See page 12.) 


Children will probably have got accustomed to using 
large hand magnifiers and magnifying glasses mounted 
on stands from a very early stage, but a good-quality 
stereomagnifier such as the Prior Stereomaster, stable 
and easy to manipulate, is one of the best aids for 
junior children mainly concerned with the external 
features of things. This instrument may be 

rather expensive but it can be used by many children if it 
is set up in a resources area. When children aged about 
ten can handle this instrument, they can learn how to 
use it in various ways. 


How useful are different lenses ? 


With lenses giving a fairly low magnification, children 
will find that they enlarge a considerable amount, or the 
whole, of each specimen. More powerful lenses will give 
greater enlargements of smaller areas. 


Can the light be used in different ways ? 


If children are encouraged to think about the light they 
will notice that it usually comes from a window or lamp 
and falls directly on to the specimen they look at with or 
without the help of a magnifying glass or stereomagnifier. 


Children of about twelve may be ready for monocular 
microscopes whose mirrors they can learn to use for 
directing light through thin, transparent things, such as 
water fleas or thread-like water weed. Thus some details 
of their intricate internal structure will be revealed. 


What can be seen? 

General form 

Is the specimen in one piece or made up of different 
parts or substances ? 


What words describe its whole shape ? 

Can the specimen be divided into two similar halves: 
In any direction ? 

In one direction only ? 


Not at all? 


Are any of its parts symmetrical ? 


Colours 

How can the specimen’s colouring be described ? |s it 
uniform ? Does it have shades and tints of the same 
colour ? Are the colours contrasting ? Do the colours 
form distinctive markings or patterns, eg on the wings 
of butterflies, the striped abdomens of wasps, or 
variegated leaves ? 





Sa ae 


Can its colour be changed or removed ? Avoid damaging 
living things. 


Are the same types of plant or animal similar in 
colouring ? 


Are there any reasons for thinking that certain colours 
cause flowers to be conspicuous ? Visibility tests could 
be carried out to find the distances at which differently 
coloured flowers of the same size against the same 
background can be seen plainly by the same person. 


Keep fifteen-minute watches on the variously coloured 
flowers in a herbaceous border. Record the number of 
insects visiting each plant. Are there any colours that 
seem to attract more visitors ? 


Does the colour of the background against which an 
animal moves or remains still make much difference as 
to whether it can be seen clearly ? 


During an outdoor expedition, watch a creature as it 
moves naturally. Then try to place it on different 
coloured backgrounds, and if it will remain motionless, 
estimate the distance at which it is visible. 
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Arrangements of parts of plants and animals 
Are similar parts of plants and animals, such as buds, 
leaves, wings, legs, etc, grouped closely together or 
scattered ? 


Are there any arrangements of parts on the specimen 
that could be described by the following words ? 


Alternate Zigzag 
Opposite Parallel 
Linear (ie, in a line) Paired 
Haphazard 


If the plant has many small flowers grouped closely 
together, is it possible to draw a pattern showing the 
way these flowers are arranged ? Do many plants have 
interesting arrangements of small flowers ? How many 
can you find ? 





Representations of the 
kinds of patterns 
found in flowers 








Are there any other ways of finding patterns in parts 
of plants ? 
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Traveller's Joy in flower 


Look down from above on an open flower; or cut across 
a fully grown fruit. Do you find the same arrangements 
of parts in similar plants ? 


Details in material that may be revealed by 
magnification 
1. Are any specimens or their parts: 


Homogeneous, that is, apparently similar everywhere ? 
Made up of visible particles, regularly shaped crystals 
or fibres, that is, thread-like ? 

Striated, that is, in ridges and furrows ? 


Are there any interesting spaces between parts of the 
material ? 


2. Do they shine, reflect, appear dull or transparent ? 
Some interesting examples to examine follow. 


a. From animals. 


Bones. 

Animal hairs, sheep’s wool. 

The delicate and hard wings of dead insects. 

Feathers. 

Cobweb threads, which will stick to a microscope slide 
or piece of glass placed gently against the web. 

Mussel shell, inner and outer surfaces. 

A crab exoskeleton. 

The cast skin from a caterpillar. 

A caddis worm Case. 


b. From plants. 


Pollen grains. To view these, place two or three anthers 
in a drop of water on a microscope slide. Lower the 
cover slip gently over, and by means of a mounted 
needle break open the anther by tapping the cover slip 
gently with the needle. The pollen grains will float out 
into the water. Use the lens of highest power in the 
stereomagnifier, or the low-power lens of a monocular 
microscope. 






Mounted needle 


Cover slip 








Pollen grains 


Slide 


Drop of water 


The thin outer covering (cuticle) from a leaf. Strip it 
from the leaf by carefully inserting a mounted needle 
underneath it and moving it gently up and down until a 
piece becomes detached. 


Driftwood. 

c. From water, earth or air. 
Snowflakes, ice. 

Dry powdered silt. 


Rust particles on metal. 
Chippings from the top dressing of road surfaces. 


d. Man-made. 


Broken pieces of pottery or earthenware. 

Glass, fabrics. 

Newspaper, whose fibrous structure can be revealed if 
the torn edge is carefully examined. 

Scraps of plastic. 


Details of organs or parts of plants and animals 
revealed by magnification 

Only a few illustrative examples are given, because the 
things children will find to study as the specimens of 
their choice will be so varied. 


The shape of a leaf stalk at its junction with the plant 
stem. 

Protective mechanisms: spines, stinging hairs on nettle 
leaves. 

Arrangements for climbing : suckers (virginia creeper), 
adventitious roots (ivy), tendrils (white bryony), 

hooks (cleavers). 

A spore case such as might be found under the leaf of a 
fern. 

One leaf of moss. 

Fruit or seed plumes. 

A gall. 

Parts of dead insects: a moth’s antenna, a jointed leg, a 
dragonfly’s wing. 

The gills or pores of a fungus. 

Honey guides and nectary on a petal. 


Thorns and aphids on a rose stem 
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Investigating by feeling 





Children should be encouraged to suggest some ways in 
which they can feel things, for example: 


Touching with the fingers. 

Bringing other parts of the body in contact with the 
materials. 

Squeezing or stretching (not living things). 
Supporting on the hand or fingers. 


What can be discovered ? 
Effects on the person feeling 
What words describe the feel of the specimen ? 


Does it make any difference to touch it in a wet or dry 
state ? 


Does it stain the fingers ? 

Effects on the specimen 

Was the size or shape altered by squeezing or stretching, 
temporarily or permanently ? 


Will pieces of it stick (adhere) when pressed together ? 
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Responses of a living thing 
Notice whether it does any of the following things when 
touched: 


Withdraw parts of its body, like the tentacles of a snail. 
Change position, eg the tentacles of sundew. 

Change the direction of its movement. 

Suddenly split open, like the fruit of yellow balsam 
(touch-me-not). 

Attack, like a wasp. 


Something which might develop from work in this 

section might be interesting children in the use that 
handicapped people, such as Helen Keller, make of 
their tactile senses. 


Notions of weight 

The children could hold different objects at the same 
time in both hands and thus gain some idea of relative 
lightness or heaviness. 








Investigating by listening 





Here are some questions for the children to ask. 


Can this creature make any sounds ? 

How can they be described ? 

What part of the body does it use to make the sound ? 
Does it make sounds continuously or intermittently ? 
Do they travel far ? 

Does it seem to have any reason for making sounds ? 


Some children might be interested in extending their 
observations by trying to discover whether the animals 
they are studying make more sound during certain 
weather conditions; at certain seasons of the year. 


The question may also arise as to how well animals can 
hear. This could be tested in the case of domestic 
animals that sleep in the daytime such as cats and dogs, 
by noting the distance at which sounds such as 
clapping must be made in order to wake them. 


With many animals it would be difficult to tell whether a 
response is due to impressions gained by hearing or 
through another sense such as sight. 





Investigating by smelling and tasting 





Note: Extreme caution is required here. Even vapours of 
some substances can be harmful. Non-poisonous fruit 
may be polluted by chemical spraying or dust. 


The dangers of indiscriminate smelling and tasting when 
no adult is present should be emphasised strongly and 
teachers should make quite sure that children understand 
the meaning of the word ‘poisonous’. 


Plants with smells and scents 

Experience of a penetrating smell such as that of 
Ramson’s garlic (A//ium ursinum) or the stinkhorn 
fungus (Pha//lus impudicus) in a wood may arouse 
children’s interest in plants with distinctive smells. This 
is also a profitable line of inquiry when children are 
studying plants in a herb garden. 


How far does a smell extend ? Children must move 
different distances from a plant to test this, and so they 
become aware of variations in their own powers of 
smell. 


Does being wet or dry make any difference to a smell ? 
What happens to a smell when the weather is windy ? 


Does the smell of many specimens of the same plant 
extend further than that of one ? How could this be 
tested ? 


Collect details of the sizes and colours of the flowers of 
plants with strong smells. Do these observations provide 
any evidence for suggesting that some plants attract 
insect visitors by scent rather than conspicuous shape or 
colour? Is it possible to find any flowers visited 
frequently by insects that are inconspicuous yet smell 
strongly ? (Lavender might be one.) 


If some children are studying garden flowers they may 
like to observe flowers in their own gardens at dusk 
when colours and shapes are invisible to see whether 
those with a strong scent attract more insects than 
others. (This is rather a difficult investigation, so it is 
possibly more suitable for children of about twelve.) 


Sometimes a smell cannot be detected until the leaves 
of the plant are crushed.Children could try to make a 
collection of plants of this sort. 


A plant with no smell may begin to produce one. Is this 
a sign of other changes ? Link these observations with an 
investigation of decay. 


What would be a good choice of plants for a garden 
that blind people could enjoy ? 


Can animals detect smells ? 

Note that tests should be harmless. Place some drops of 
a pungent liquid such as oil of cloves or peppermint on 

a small piece of cottonwool. Hold it by forceps near the 
animal and note its response or lack of response. 


Near what part of the body of most animals would it 
seem sensible to hold something smelling strongly ? 
In what cases might this not apply ? 


Would it be reasonable to say an animal has no sense of 
smell if it fails to respond to one substance ? 


How can you decide that an animal's response to a test 
is due to smelling rather than seeing an object held near 
to it? 





Cottonwool soaked 
in oil of cloves 


Forceps 









yy 


@* 


ips cay 
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Observation of flavours 

This work may be most suitable for urban areas where 
field studies may involve exploration of streets and 
shops and seeing what people buy. 


What is the best way of finding out as much as possible 
about the flavour of something that can be eaten ? 

By biting, feeling with the tip of the tongue, sucking, 
chewing ? 


Can food materials be separated or placed in the same 
set according to their flavours ? 


How could we decide whether something has a strong 
or weak flavour ? 


Measure the length of time the flavour remains in the 
mouth after the material has been swallowed. 
Comparison must be between pieces of equal size, tested 
by the same amount of sucking or chewing, by the 

same person. 


Is flavour altered by cooking ? 


Are flavours added to foods in order to: 


Disguise the original flavour ? 
Make the original flavour stronger ? 
Make up for lack of flavour ? 
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Estimating 





This is a useful thing to do when things are out of 
reach, extremely small or too numerous for counting. 


Some things of the same type show considerable 
variation, for example the heights of trees. A better idea 
of the typical height of a species can be obtained from 
rapid estimations of several trees than from an accurate 
measurement of one only. 


Estimating is a good habit for children to get into as it is 
a way of judging whether results obtained by more 
precise measurements are sensible. 


Large numbers 
Examples could be: 


Daisies on a lawn. 

Conkers on a tree. 

Greenfly on a stem. 

Seeds produced by a shepherd’s purse plant. 





When the subject of investigation is evenly distributed, 
count the number contained in a small part. Judge the 
number of these parts making up the whole. Multiply 
the original counts by that number. 


Heights 
Examples: trees, pylons, cliffs, steeples. 


By matching 

Measure the height of a small thing near a tall 
object such as a bush or a girl. Judge the number of 
times this could be placed end to end against the tall 
object. 


If a person of known height could be photographed 
standing against the tree or other tall object, the same 
matching method could be used to obtain a more 
accurate result. 


By siting 

Stand in a convenient place facing the tree. Use a stick 
or ruler held vertically at arm’s length to site a distance 
corresponding to the height of the tree (AB). The thumb 
on the ruler should coincide with the base of the tree. 
Still Keeping the thumb and tree base (8) coinciding, 
turn the ruler clockwise through 90° until its free 

end comes level with a point on the ground (C). Place a 
peg in the ground at this point. Return to standing 
position and check the two sitings. The distance BC 
can be taken as an estimation of the tree’s height. 








The thickness of very thin things 
Examples: leaves, paper, threads from fabrics. 


Measure the height of a known number of specimens 
stacked in a pile. Divide your measurement by that 
number. Wind a piece of string or cotton closely round 
a ruler. Divide the length of the ruler covered by the 
number of turns. 





Surface area 

A rough estimate can be made of the surface of an 
animal such as a mouse, mole or slug, with short legs 
and few appendages. 


Enclose the animal in a cylinder of paper equal in 
length to the length of its body. The edges of the paper 
should not overlap. Find the area of the paper. 





When children make estimations teachers should 
encourage them to discuss their results and comment on 
any factors that they think may cause them to vary from 
results that could be obtained by more precise counting 
and measuring. In this way they can begin to think 
about the ideas of error and validity (the soundness of 
the result). 
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: At first children will include the information they obtain 
Counting in this way in their own records. Later, as they become 
— -- -- + more experienced, some interesting work involving 

comparison of plants or animals could be developed by 





What can be found out about specimens by counting ? encouraging the children to make a class chart showing 
Are there any patterns in the numbers of some of their observations collected. 

parts, eg the parts of flowers ? Are the numbers of parts 

such as petals, compartments in fruits, segments, legs, Which of the animals on our chart are most alike ? 

etc, the same or variable in plants or animals of the 

same species or type ? Can counting help us to sort them into groups ? 














Body More Shell | Shell 
in No 6 than 4 2 | No in in No 
3 parts, legs legs 6legs| wings | wings wings 1 part 2parts shell 
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Earthworm Caterpillar 
Beetle Snail 
Cabbage white butterfly Woodlouse 
Mussel Centipede 
Wasp Spider 
Limpet Fresh-water shrimp 
— — 
ee ~ 
—. { ~~» More than 
No legs 6 legs 6 legs 
| | 
Earthworm Beetle Caterpillar 
Snail Cabbage white butterfly Woodlouse 
Mussel Wasp Centipede 
Limpet Spider 
/~ 
f 
No Shell in Shell in FA More than 
shell 1 piece 2 pieces 8 legs 8 legs 
Earthworm Limpet Mussel Spider Caterpillar 
Snail Woodlouse 
Centipede 


Teachers should help children to understand that there is 
nothing final in the sorting arrangement shown in a 
diagram of this type. It simply shows one possible way 
of dividing the animals into sub-sets. Further study 
could give additional information which could be used 
as a basis for splitting some groups again or even for 
suggesting different groupings. 


This type of work can stimulate much useful discussion 
and argument about the plants and animals studied. 


Is a spider's body divided into two or three regions ? 


Fresh-water shrimp 


Caterpillars and butterflies are stages in the life of 
the same animal. Are we really justified in placing them 
in different sub-sets ? 


How can you count parts of flowers when they are 
joined together ? 


The need to make decisions and defend a point of view 
may help children to think more logically as they 
become capable of doing so at about twelve years of 
age. Through this kind of work they may begin to gain 
some insight into the way classification can be tackled. 
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Measuring -° 


wish to examine. Whether they make use of arbitrary or 
standard units of measurement for this purpose will 
depend on the level of their own mathematical 





experience. 


Children’s decisions about what they should try to 


discover by measuring things will be influenced by the 
nature and shape of the specimens, or the parts they 


Here is a Summary in chart form indicating some 
possible investigations. 








Units of measurement involved 








Length animals or parts of its body 3 hand-spans | Decimetre (dm) 
Width Dimensions of their Match against other 4 strides Centimetre (cm) 
different parts objects or graduated 
Thickness sticks, tapes or 30 matchsticks (end Millimetre (mm) 
Distances between wheels to end) 
| parts of the body | | 
_ = - se + — : 


Method of 
Quantities Type of specimen obtaining ia = | 
information Arbitrary Standard 
eee | | | i 
_ Dimensions: Height or length of Match specimens 2 children Metre (m) 


whole plants and 


against a child’s height 











_ Area (size of surface) 





=F 
| 
| 
| 


Whole leaves 


Flat pieces of 
| material 





_ Count number of 
_ similar squares that 


Square metre (m2) 
Square decimetre 


Marley or expanded 
polystyrene tiles 





Volume (amount of 
space occupied by 
specimen) 





Mass (amount of stuff. 


in specimen) 
(See also page 35) 


‘| Fruits and seeds 
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| 
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Quantities of liquids 


| Solids consisting 

_ of particles that can 
be poured into 

_ containers 


_ Lumps of material 


_ Bodies of aquatic 
animals 


_ Solid parts of plants, 
eg fruits 


| cover surface (dm2) 
Squares on paper _ Square centimetre 
(cm?) 
‘tL 4 at 
Note number of Matchboxesful _ Cubic metre (m3) 
containers or part of a 
_ container substance Cupsful Cubic decimetre 
will fill (dm3) (litre) 
Jugsful 







Cubic centimetre 
(cm3) (millilitre) 


Note amount of water 
moved upwards 
(displaced) to make 
room for it 











Site 





— 2 
Whole animals Balance specimen Washers Kilogramme 
against required 5 
| Whole plants number Snirlon BRLIneczisli'gss 100 grammes 
equal-armed balance Nuts 10 grammes 





















Quantities 


] 
| 


Type of specimen 


Method of 
obtaining 
information 


| 





= = —F 


Dry mass (amount of 
dried stuff in 
specimen) 





Weight (force of 
earth’s gravitational 
pull on the specimen) 
(See page 39) 











Comparison of 
growth in same type 
of plants grown 
under similar 
conditions 





| 
As for finding mass, | 
after drying specimen | 
by heating in an oven © 
or leaving in air 
| 


Suspend from a rubber | 
band, spring or 
newton-meter, and 
observe the extent to 


—— 


which the rubber band _ 


or the spring is 
stretched, or the 
pointer on the 
newton-meter 
is moved by the 
force of gravity 


_affecting specimen 


Ly, 


Washers 
Ball-bearings 


Nuts 


Rubber bands 


Scale marked in 
arbitrary units and 
placed against 
spring 


a Units of measurement involved 
| 


—_ 


Serie 
Kilogramme 
100 grammes 


10 grammes 


Newtons 





Special measurements 

1. Distances round circular specimens, such as a tree 
stump or a fruit cut transversely : pass a piece of string 
or cotton around the circumference of the specimen. 
Measure its length. 


2. Twisting lengths, such as net veins on a leaf, fibrous 
roots, route of a leaf-mining insect: match a piece of 
cotton to the twisting line. Measure its length. 


How far round our tree ? 


3. Areas of irregular flat objects, such as leaves, green 
colouring in variegated leaves, pieces of material : draw 
the outline of the specimen on graph paper, and count 
the squares included inside the outline. Count more than 
half a square as a whole square; discount less than half 
a square. 


4. A mass of very small similar things, such as seeds: 
use a micro-balance. (See page 45.) 








Making models 








Many children thoroughly enjoy recording observations 
of certain finds by making models, all sorts of bits and 
pieces being used for this purpose. At first they will 
produce little more than impressions but as they become 


Modelling a grasshopper 


more skilful in measuring their efforts will become 
increasingly accurate representations and eventually 
enlarged or reduced scale models of the real things. 

In using this method of sharing their interests they will 
return to the real thing many times to check what it 
really is like. In doing this they can consolidate what 
they already know and continue making further 
discoveries. 








A note about nomenclature 


Volume 

In elementary work volumes of liquids can be measured 
in either litres and millilitres or cubic metres (m3), cubic 
decimetres (dm3) and cubic centimetres (cm3). 


In 1906 the litre as defined by the General Conference 
on Weights and Measures (CGPM, Conférence 

Général de Poids et Mesures) was made equal 

to 1-000028 dm;3. In 1964 at the CGPM meeting, this 
imprecise definition was not rescinded, which is why the 
litre is not used today as a measure in high precision 
work. However, for the level of work appropriate for 
children aged between five and thirteen years, the litre 
can be regarded as synonymous with the cubic 
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decimetre (dm3) and the millilitre with the cubic 
centimetre (cm3). Children may use either term. 


Mass and weight 

When children need more information about the amount 
of stuff or matter in specimens and their heaviness than 
they can obtain through the experience of supporting 
them on their hands, they can soon learn to use various 
methods of weighing. They will need much longer, and 
much more experience, in order to develop their 
understanding of the concepts involved in these 
processes: namely, mass, weight, force and density. 


For this reason these ideas are further developed in the 
next chapter. Much of this is designed as background 
information for teachers. However, some suggestions 
about weighing that might form part of children’s 
experience in junior school have also been included. 


4 What do we mean 
force and density? 


We know that children from an early age find out about 
the relative heaviness and lightness of things by holding 
them and weighing them in different ways. Methods of 
weighing are not hard to learn, but understanding the 
concepts is not so easy and is only achieved very slowly. 


Not only are the concepts of mass, weight, force and 
density difficult, but often they all have to be 
considered simultaneously. Indiscriminate use of the 
word ‘weight’ has increased the problem of 
distinguishing clearly between the concepts of mass and 
weight so that many children fail to form these two 
concepts clearly. Thus the difficulty continues through 
to the secondary school stage when the two concepts 
have to be applied to scientific problems. 


It is time to make a determined effort to end this 
confusion, and the help of teachers of junior school 
children is necessary for this. Although it would not be 
reasonable to expect children to develop understanding 
of these concepts until they are about eleven or twelve 
years of age (or even considerably older), the thinking 
that gradually leads to this understanding and correct 
use of words must have been encouraged for a number 
of years previously. 


The concept of mass 


The mass of an object is one of its properties that does 
not change wherever it may happen to be. 


A scientific definition of mass is usually beyond the 
understanding of junior school children since it involves 
the idea of acceleration. They can think of it as ‘a 
measure of the amount of material or stuff in an object’ 
until they are ready for a better definition. 


by mass, weight, 


Measurement of mass 

An object's mass can be measured by finding the 
number of units that will balance against it when both 
are supported on pans of an equal-armed pair of scales. 





Units for measuring mass 

Children will begin with arbitrary units: things that 
appear similar, such as conkers or acorns, melon seeds or 
wheat grains. Later they may notice that these units vary 
somewhat in size and therefore can give rise to errors 
when comparisons are made. Identical units are 

required such as ball-bearings, metal nuts, or washers. 


The results of using such units could be recorded in the 
following way. 

i= 

_ Things we weighed Number of washers 

| needed to balance 


Piece of rock 36 
Rubber ball 18 
Ping-pong ball 1 
Apple 22 
| Toy car ayes 
Hamster 26 


The washers referred to in this table are the large metal 
rings 3cm in diameter as supplied with the 
Leicestershire Mathematics Equaliser (Taskmaster Ltd). 
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In due course it will be desirable to help children to Through their games children often give themselves 


become aware of the advantage of replacing their own first-hand experience of pairs of forces. 
choice of arbitrary units with the international standard 
ones in common use. A geographical project and Pushing contests: uneven pushes. Which way will the boys move ? 


discussion about trade with people of other countries 
might be a good opportunity for deciding that in future 
things should be balanced against kilogramme and 
gramme masses. 


In the past such standard units of mass have been 
referred to erroneously as ‘weights’. This practice should 
now be firmly avoided, for reasons to be mentioned 
later (see page 41). 








The concept of force 





The weight of an object is the magnitude (or strength or 
size) of certain types of force that can affect it. 
Therefore it is necessary to understand the concept of 
force in order to understand the concept of weight. 


Forces can be exerted by pushing or pulling. The effects 
of such actions, in causing things to move at different 
speeds, change their direction of movement or their 
shape, can be investigated and measured. 


Forces always occur in pairs acting in opposite 
directions. This can easily be experienced by stretching a 
rubber band attached to a hook. To hold it in an 
extended position the hand is exerting a downward pull. 
At the same time the upward pull exerted by the rubber 
can be felt and would immediately cause the band to 
shorten if the fingers were removed. 







SC Hook 


,Rubber band 
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iL 


A pulling contest 


If they are encouraged to think about what is happening 
in these situations they will soon realise that : 


1. No movement occurs when the opposing forces are 
of equal strength. 


2. Movement takes place in the direction of the stronger 
force when the opposing pushes or pulls are uneven. 


Therefore there are two things that must be known 





about a force before one can say what its effect will be: 
its strength (magnitude) and its direction of action. 


Teachers can do a great deal to help children of about 
nine or ten to become more aware of ways in which the 
idea of force is involved in many things happening all 
around, by encouraging them to think and talk about 
appropriate situations they meet while out and about 
together. In this way too the word force can become 
part of the children’s vocabulary. 
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If the burrowing mole removes some of the soil beneath Lifting things up 


the stone, what will happen ? In what direction are your arms pulling ? 

Would that help us to decide what is pulling and What is pulling or pushing against you ? 

pushing the stone and thus keeping it still before the 

mole sets to work ? In what direction are your feet pushing as you lift ? 


What is pushing against them ? 








On the building site 
The builder’s labourer is hauling up a bucket of water. 
What forces are acting on his bucket ? 


Which of these forces is the stronger ? 


What can you say about the forces affecting the bucket 
as he allows it to descend ? 





38 


The concept of weight 





The weight of a body is the force with which the earth 
pulls on that body. * 


An alternative definition of weight is: the force required 
to support the body at a given distance from the earth. * 


If we relate what has previously been said about forces 

to an everyday situation that can be experienced by any 
child, it is easy to see why these two definitions are not 
identical; each refers to one of two forces that are equal 
and opposite. 


The stone held up in the boy’s hand is being pulled 
downwards by the gravitational force of the earth (first 
definition) but at the same time, the supporting hand 
and arm are exerting a pull in an upward direction 
(second definition). These two opposing pulls must be 
of equal strength since the stone remains in the same 
position. 


It is easy to see how two definitions for the concept of 
weight came to exist. The downward force of gravity 
acting on bodies can be observed every time they fall. 
We can feel ourselves exerting the upward force every 
time we hold up something in opposition to 
gravitational force. 


Obviously it does not matter which definition of weight 
is adopted. Either the gravitational force or the 

opposing upward force on an object can be measured to 
find its weight. The only need is that we — or the 
children sufficiently experienced for this work — should 
be quite clear in our own minds about what it is we are 
measuring. 


In practice, it usually proves more convenient to measure 
the size of the force of gravity in order to find an 

object’s weight. This may be the reason why many 
textbooks only define weight as the magnitude of the 
gravitational force acting on an object. 





*Stee/s, H., Ordinary Level Course in Physics 
(Pergamon, 1969), Vol. 7. 


In some of the more advanced problems students may 
encounter at a later stage in their secondary school 
courses, it will be necessary for them to regard weight 
as the gravitational force, but there will be other 
problems where they will find the idea of the opposing 
upward force useful. 
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The measurement of weight 

The diagram illustrates a device children can easily 
construct to obtain arbitrary measurements of the weight 
of different things. The increase in length of the spring 
when an object is suspended from it will be 

proportional to the force of gravity pulling on the 
suspended object and so will provide a measure of its 
weight. 





Hook — 
Steel spring 


Increase in 
length of spring . 


Object pulled by 


gravitational force Scale in arbitrary 


units 


Strip of wood or 


hardboard 
VA 





Record of weighing 





























[ | 
Length of spring 
(in units) Increase 
Things we — in length 
| weighed Without With (in units) 
| load load 
_ A cotton reel 5 8 3 
A pair of scissors 5 25 20 7 
aecslastacanab! TL 
A tuning fork 5 28 23 
An apple 5 36 31 
x Se | — wa 
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The distinction between mass and weight 

The weight or gravitational attraction between a body 
and the earth alters as that body moves further from or 
nearer to the centre of the earth while its mass (amount 
of stuff) remains unchanged wherever it may be. 


In the past it was impossible to provide most people 
with the experience necessary to appreciate this 
distinction, but this is no longer the case. Space 
exploration and viewing astronauts on television in the 
course of their travels has brought the concept of 
weightlessness within the experience of anybody who 
can look at a television screen. 


If a wire spring with a hammer suspended from it could 
travel by space ship to the moon and back the length of 
the spring at different points on the journey could be 
represented by the following diagram. 


Outward journey to the moon Return journey from the moon 


| No gravitational | No gravitational | 
pull from anything e pull from anything @ 


Moon Earth 





h 


> ———— 
NE 

Ns 
Nod, 

™~ 
na 

 \ 

(=) = 


Ne 


oS 
o~ 
\\ 

> 


NANNY 


art 
AS 49 69 OP SF SF 49 49 ay 

ABSEBAE 

2 = S864 ea 

Ss — Ss SS, 
ABSBSSES 

—‘’AS BSB SB BS 
3Aeese 8&8 4 S&S 

Ss 2 £3 Ss 
AS BAS 

kJ 3 BE & 

(: 2 cs i c 

d, 3 B Wry 

Zz <= 

G AVE 

) = 

( = 

<= 

a 

G 


not 
\ Se 
" 


\ 
\\ 
Nd 
WN 


( 


e 
4 Extension of spring is not to scale 4 


lf the same hammer could make the same journey 
balanced against 10-gramme masses On equal-armed 
scales, the gravitational pulls on both scale pans would 
alter throughout the journey, but always to the same 
extent, so that the same number of grammes would be 
required to balance the hammer wherever it happened 
to be. 


Gravitational force Gravitational force 
on hammer on units 


Unchanging mass of hammer throughout 
outward and return journey to the moon 


While the we/ght of the hammer in a space ship 
continually changes, its appearance and capacity to hurt 
if somebody seized it and used the muscular force in 
their own arm in causing it to strike a blow, would 
remain unchanged, because these latter two 
characteristics are due to its unchanging mass. 


Even on the earth the weight of the same thing can alter 
from place to place. The earth is not a perfect sphere, so 
things will be further from its centre and therefore less 
affected by the force of gravity at the equator than at the 
poles. As a result the same object will weigh slightly 
more at the poles than at the equator but its mass would 
remain unchanged. An object also weighs less on the 
summit of very high mountains than at sea level, again 
because it is further from the earth’s centre. 


It has been a common practice to hang different 
numbers of gramme masses on a spring and thus 
calibrate a scale that can give a measure of mass 
directly in grammes for objects suspended from that 


spring. 


If a ‘spring balance’ is used in this way it is essential to 
remember that measures of mass thus obtained are only 
correct at ground level and when the object is weighed 
in air. In other places where the force of gravity is 
different the reading on the scale for the same object 
will also be different. 


What needs to be appreciated here is the difference 
between the actual mass of a gramme or kilogramme, for 
example, and the force exerted by gravity on these 
masses, for this is what the word ‘gramme’ really stands 
for on the scale of a spring balance calibrated in 
grammes. Some observers, fully aware of this 
distinction, refer to the standard units of mass as 
kilogrammes and grammes and the force exerted by 
gravity on each of those masses as a kilogramme-force 
and gramme-force. In this way the fact that these latter 
quantities can fluctuate under certain conditions can be 
indicated. 


Obviously problems will arise. It will be impossible to 
prevent young children from seeing and hearing the 
word ‘weight’ used colloquially in everyday life. Here a 
quotation from the Royal Society’s publication Metric 
Units in Primary Schools (1969) is relevant: ‘There is 
much to be said for expressing the contents of packets 
of butter, tea, etc., as for example ‘Net mass 500 g” 
rather than ‘Net weight” as at present, so that the 
proper quantity, mass, would come into everyday 
language.’ Teachers could do much to help by 
introducing and using the word ‘mass’ in its proper 
context from the beginning and by trying to avoid using 
the word ‘weight’ incorrectly. 


For example, children could make records of their own 
masses after medical examination. They could also 
weigh their pets in order to compare their masses. 


We have suggested avoiding the term ‘weight’ in 
referring to kilogramme and gramme masses (see 

page 36). Now that we have considered weight as an 
example of a force, and therefore an abstract idea, it is 
possible to realise that it cannot really be placed on a 
scale pan or shut up in a box. Buta mass can be treated 
in such ways. 


Although weight, being a force, should never be stated 
in kilogrammes, it would, however, be correct to say 
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that we can find mass by weighing if by weighing we 
mean balancing the object against standard masses such 
as grammes on an equal-armed balance. 


The term ‘spring balance’ is also misleading. No 
balancing is involved in using this piece of equipment to 
obtain information about the relative heaviness of 
things. Through discussion about everyday events 
teachers could encourage older children to be critical of 
the way the word ‘weight’ is used. 


Here are some questions that could be asked. 


1. Could you suggest a better name for the Department 
of Weights and Measures ? 


2. What would you say is the most important difference 
between these two labels ? 





3. What is wrong with calling this competitor at the 
Olympic Games a ‘weight-lifter’ ? 


Would it be correct to call his event mass-lifting or 
weight-lifting ? Where would it be easier to lift his 
burden, on the earth or the moon ? 
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Weighing in newtons 

Now that the distinction between mass and weight has 
become more familiar, people are taking a more positive 
step aimed at ending confusion between the two. This 
can be done by measuring mass in unquestionable 
standard units of mass—grammes and kilogrammes— 
and measuring the strength of forces including weight 
by an unquestionable standard unit of force: the newton. 


It is likely that children between the ages of ten and 
eleven will wish to express their findings about weight 

in standard units rather than arbitrary ones although not 
yet ready to understand the definition of a newton which 
involves understanding the concept of acceleration. 


The best way of giving children some idea of a newton 
is through direct experience of holding. 


The force children feel themselves to be exerting when 
they hold up this bag is very close to 1 newton. 





Bag of sand with 
mass of 98-1 grammes 


Holding up this mass also gives experience of 
approximately 1 newton. 


100-gramme mass 


Using a dynamometer for finding the weight of 
things 

These commercial instruments contain springs which 
stretch when lumps of material are attached. They are 
calibrated in newtons, so that they record directly in 
newtons the strength of the gravitational pull on the 
lump of material, or in other words, its weight. 


It is correct to say: 


We weighed this material in newtons. 
The weight of this material is... newtons. 
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SI units 

The change from the Imperial to the metric system of 
measurement involves general use of the standard units 
of Le Systéme International d’Unités (Sl). 


In this system there are six basic units. The last two in 
the chart below are beyond the scope of this book. 





eS ee = or, | 









































Quantity | Basic Sl units Symbol | 
Length | metre m 
Mass kilogramme kg 
Time second S 
—_— -——+- aoa oon 
Electric current | ampére A 
Thermodynamic 
temperature kelvin K 
=. ‘s en 
Luminous intensity candela cd 
L ee E =i 3 > | it 








All the other units required can be derived from them. 
The table below shows how some other units are 
derived from the basic unit of length. 

















Quantity Method of Symbol 
derivation | 
Area | length? | m2 
Volume | length3 | m3 
Velocity | Jength_ ms} 
time 


The kilogramme can be used as a basic unit because it 
measures an unchanging property of materials : mass. 


The weight of a body changes as the body’s position in 
relation to the earth, moon, or other satellites changes, 
so the newton, in which weight is measured, cannot be 
a basic unit. Although it is not appropriate to define the 
newton for children until they are familiar with the idea 
of acceleration teachers may like to know how it is" 
derived from basic units. 
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The newton is that force which when acting on a mass 
of 1 kilogramme produces in it an acceleration of 1 ms~? 
(metre per second squared). 


Some more methods of weighing 
From an early stage children will hang things on rubber 
bands to compare their relative heaviness. 


If they wish to continue using this method when they 
come to more thorough investigations they should be 
encouraged to think about certain factors that can cause 
errors. The rubber band should be tested before it is 
used by measuring its length before a load is hung on It 
and after it is removed. This will tell you if it is 

returning to its original length at the end of testing. 


Conditions that cause rubber to perish, and wear and 
tear, can damage the band, so the frequency of its 
replacement must be considered. Rubber bands are not 
as satisfactory as wire springs when it comes to making 
a scale against which their extension can be measured 
because they do not obey Hooke’s Law, by which an 
increase in length is directly proportional to load. 
Children can discover this if they use a band for the 
investigation suggested on page 40. 


Here is an arbitrary method of measuring weight in 
rubber band units. 





Hook Hook Hook 
Rubber Rubber 
Rubber band band bands 
Load 
Load 
Load 


Hang a load on a rubber band suspended from a hook 
on the wall. On the wall mark the point to which the 
band has been extended. 


A heavier load would cause a greater extension of the 
band. 


Do not mark the second extension of the band. Instead 
increase the number of rubber bands supporting this 
second load until their lower ends are level with the 
mark placed against the first band’s extension. The 
second load shown here needs two rubber band units 
compared with the one rubber band unit supporting the 
first load. 


This again is only a rough method because measures 
required between whole rubber band units will have to 
be estimated. Also there will be slight differences in 
rubber bands even from the same box. 


Micro-balance for weighing very small quantities 
The end of the drinking straw is shaped to make a 
container for grains of material. 


Notches are’ cut on the end of the straw on which 
leaves or other very small things can be hung by a string 
or cotton thread. 


The force of gravity on these very light things will cause 
the end of the straw to move downwards. 


The extent of this movement can be measured against 
the scale. This is a very useful method of investigating 
very small changes in a leaf as it dries or the rate of 
evaporation of liquids from small discs of filter paper 
(see page 78). Since in thimethod changes 

in the mass of the leaf (for example) will be judged by 
changes in the force of gravity affecting it, the results 
obtained would only apply at ground level. 






Screw acting 


as counterpoise Drinking straw 








Darning needle 


/ 








Aluminium 





Home-made balances 

If children try to construct their own balances they will 
come up against problems and ideas that help them to 
gain greater understanding of these instruments. 


They will find that the pans must be hung at the same 
distances from the central point around which the beam 
turns (the pivot or fulcrum). All strings attaching the 
pans to the beams must be the same length so as to 
make sure that the comparisons between materials and 
units are fair. If they can examine commercial beam 
balances they will see how much care is taken over 
these matters. 








Strip of 
Meccano or 
Bilofix 








Plastic 






Beam from 
coat-hanger 







Identical 
plastic cups 
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However, there are arrangements by which unequal 
masses can be balanced. Children should have access to 
mathematical equalisers and washers to enable them to 
develop their interest in this. 






One washer Two washers 


They will soon find that they can only get the 
gravitational pulls on different masses to balance if they 
consider the distances of the masses from the pivot of 
the beam, as well as the amount of material they are 
trying to balance. 


The children will discover that they can only get 
different masses to balance if they take into account 
their distances from the pivot of the beam as well as 
the amounts of material in them. For example, if one 
mass consists of two washers it must be hung closer to 
the pivot than a single washer. In other words, a 

given mass halfway along one arm of the beam balances 
half of that mass at the end of the other arm of the beam. 


The steelyard 

Through this kind of experience children can gain 
understanding of the principle of the steelyard, a 
convenient arrangement for measuring the mass of very 
heavy lumps of material. 


This is an unequal-armed balance, in which the small 
mass is moved along the arm away from the pivot until 
it is in balance with the heavy mass near the pivot. This 
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is achieved when the beam is horizontal. The position of 
the small mass in relation to a scale on the long arm 
calibrated in kilogrammes and grammes can be noted. 







Counterpoise to keep 
bar in position when 
no mass is attached 


Small mass 
(light) 





Heavy mass 





The Beamer balance 
This is an equal-armed balance in which the distance 
from the pivot is the same for both masses. 





This demonstration balance can be used to compare 
different masses and densities. 


Old-fashioned grocer’s and kitchen scales work on 
the same principle. 


Direct-reading balances 

A number of commercial balances have been calibrated 
to give direct readings in kilogrammes and grammes of 
materials weighed on them, but they work through 

the force of gravity on those materials. 


If children use these balances it is important that they 
should understand how they work; and therefore that 
the results they give would not be the same for all 
places. 





A Butchart balance 










\\ 
by fin RAS 






Household or 
kitchen scales 


Ley, 





The concept of density 








When people refer to sparse or dense populations, dense 
fog or sparse vegetation, they are thinking about 
different ways in which things can occupy certain 
amounts of space. When this idea is applied to the 
amount or mass of any material that occupies a unit 
volume of space such as a cubic metre or cubic 
centimetre we have the concept of density (mass 
divided by volume). This is a very useful property of 
materials that is often compared in more advanced 
work. It is unlikely to mean much to children under 
twelve and there is no need at this stage to attempt to 
define it, but older juniors can often profit by thinking 
about experiences in which the idea is involved. 


Here are some discoveries children can make. 


Similar masses may 
vary in size (volume) 


The largest mass may 
not be the heaviest 





When children find the results of these comparisons 
curious or show interest in the teacher's leading 
questions it is the right time to confront them with 
further problems. 
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Investigations 


Different materials 





Begin by holding these materials. Can you find the mass 
of each one by weighing ? Then arrange them in order. 

| wonder whether the order will be the same as or 
different from what you suspect. 


Same material 


SOLO 


Now put these pieces in order when you have found the 
mass of each one. 


If you compare the two sets you have put in order, can 
you find any connection between mass and size 
(volume) : in the different materials ; in the same 
materials ? 


It might be better to weigh the same volumes of different 
materials. Small (2 cm) cubes of different woods, metals 
and other materials can be provided by the teacher. 

The children can then find their mass in grammes. 
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Recording investigations 
Weighing wood: | 








qian eeee (ees 














Balsa _— Deal _ Ebony 
| ! 
8cm3 —_—- > — 
weigh grammes grammes. grammes 
Ratio of 
mass to : 





volume | / 





Similar charts can be produced to show the results of 
investigating metal and other materials. 


In due course as children think about observations on 
these lines, some of them may suggest that when the 
cubes of the same size have a greater mass, it may be 
because the material in them is packed more tightly and 
so there is more of it to be weighed. 


If they carry out the test of letting a ball bearing run 
downwards through different liquids (see page 72 for 
more information) they may say that they think it goes 
more slowly in some liquids than in others because the 
material of which some liquids are made is packed more 
closely together and therefore is more difficult to get 
through. 


There will be other children who will need much more 
of the same type of experience before ideas like these 
begin to form in their minds. This is not surprising as the 
ideas are difficult. There should be no attempt to force 
progress. 


1. A summary of experience of weighing (eight to twelve years approximately) 





Method of weighing — What is measured ? Information gained Rough approximation of 
| experience to age of 
| children 
< ———— + : £ ——— al 
: Suspending | Increase in length of band Heaviness or lightness in 6-9 years as a 
materials from a caused by force of gravity comparison with other technique 
rubber band ora___ pulling material suspended materials given the same 
Wire spring — from it treatment 9 years onwards with 


growing understanding 
Weight in arbitrary units if | of ideas involved 
increase in length of band 
or spring is matched with a 


scale 
——— = —— — — ~ —- ~ ——— = a = —SS 
Placing materials | Decrease in length of As above 9-10 years with 














































on a spring spring caused by force of growing understanding of 
gravity pulling the ideas involved 
_ material resting on it | | 
2 = : = : ao | 4 
Placing very Amount of movement of — As above 9-10 years with 
small quantities end of drinking straw understanding of ideas 
on one end of a_| caused by pull of gravity involved 
ae Tb aint straw on material resting on it 
arranged to turn 
on a pivot 
(micro-balance) 
———— ae = : = ee ee 
| Strength of gravitational Weight of materials in | 10-11 years with growing 
force pulling on suspended newtons _ understanding of ideas 
material. This is the same involved 
as the opposing force on 
_ the material, ie, its weight | 
Suspending materials from | / | 
dynamometers / | 
Placing materials on direct Effect of force of gravity _ Mass of material in 11-12 years with some 
reading balances shown on scale calibrated kilogrammes and grammes __ understanding of ideas 
in kilogrammes and involved 
@ grammes 
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2. A summary of experience in weighing (eight to twelve years approximately) 


Method of weighing 





Balancing identical arbitrary 
units against material on 
twin-pan scales 





Units and material at same 
distance from point around 
which beam of balance turns 


Balancing standard units 
against material on 
twin-pan scales 


Units and material at same 
distance from point around 
which beam of balance turns 





What is measured 


Information gained 


| Rough approximation of 


experience to age of 
children 





Number of arbitrary units 
that are pulled with same 
force as the material 

is by gravity 








Number of arbitrary units 
required to balance mass of 
material 


6-9 years as a 
technique 


9 years onwards with 
growing understanding 
of ideas involved 





_ Quantity of standard units | 
that are pulled with same 

_ force as the material 
is by gravity 





| 

| 

t 2= 
i 

| 








_ Balancing standard units 
against material on 
kitchen scales 


Units and material at same 


_ distance from point around 
which beam of balance turns 
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Quantity of standard units 
that are pulled with same 
force as the material 

is by gravity 








ca 


Mass of material in 
kilogrammes and grammes 


7-8 years as a technique 
9 years onwards with 


growing understanding 
of ideas involved 


-+- 





Mass of material in 
kilogrammes and grammes 





7-8 years as a technique 


10 years onwards with 
growing understanding of 
ideas involved 

















2. A summary of experience in weighing (eight to twelve years approximately) 





Method of weighing What is measured 


} — en —— EEE _ — 





Position small mass must 

occupy on long arm of 

balance to give the same 

values for mass x distance 
_ from fulcrum on each side 
_ of balance 





Adjusting small mass on 
long arm of balance so that 
the mass its distance 
from fulcrum on each side 
of balance are equal 


calibrated in kilogrammes 
and grammes 











Position recorded on scale 





= ) 


Information gained _ Rough approximation of | 
experience to age of 


| 
=a _ a, | children 


Mass of material in Some children of 11-12 
kilogrammes and grammes __ years will understand ideas | 
_ involved 











Are the measurements in Summary no. 1 affected by the 
object’s position on earth or in space ? The answer is 
that the measurement does alter according to the 
object’s position. The gravitational force influencing 
these results will alter with the distance from the earth 
and in different places on the earth. 


Are the measurements in Summary no. 2 affected by the 
object’s position on earth or in space ? The answer is 


that they remain constant. Two masses that balance at 
ground level will balance in all other places. 


Children who go furthest in forming the concepts 
involved in weighing while at junior school, still have 
much to understand, for the ideas that they have 
received will become more profound and bigger in scope 
as they gain more experience. As well, there may be new 
discoveries about force (weight), mass and density. 
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5 What does it do? 





Some of the things that small creatures do cannot be 
studied with benefit by children below the age of 
twelve years, so here we concentrate on movement and 
feeding as two suitable topics for investigation. 


Tests which might lead to the death of, or injury to, 
animals should be avoided. Children do become most 
deft at handling, but it is advisable to provide small 
plastic spoons and camel-hair brushes for lifting, as well 
as small nets for handling aquatic creatures. When 
observations have been completed, animals should be 
returned to their natural habitats. 








The movements of small creatures 





The movements animals can make may not be those 
they most frequently do make. Therefore children should 
begin by trying to observe creatures moving around 
their natural outdoor habitats. 


Here is a list of some creatures suitable to observe: 


Gnats on a hot summer evening. 

A pond skater on the surface of a pond. 
Stickleback and tadpoles in a stream. 

A snail or slug in the garden after rain. 
Ants on a path in dry hot weather. 
Caterpillars on leaves and twigs. 

A butterfly over a vegetable patch. 

A bumble bee visiting flowers. 

Flies on cow pats. 

A house fly on a window pane. 
Gammarids and caddis in shallow streams. 
Pond snails on water weed. 

Earthworms trying to burrow into the soil. 
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Small marine creatures in rock pools and on rocks 
between the tides. 

Spiders. 

Woodlice. 

Beetles walking over the ground surface. 


Children need plenty of time to watch moving creatures 
like these. Then they can think about what goes on and 
select some good words to describe their observations, 

such as ‘fluttering’, ‘darting’, ‘gliding’, ‘slithering’. 


Sometimes children should be encouraged to work in 
pairs and then they can both watch and make use of a 
seconds timer. They can also compare their 
observations of different creatures. 


How much time does a creature spend moving in a 
five-minute period ? If the test is done again, does it 
behave in the same way ? 


Movement and stillness in five minutes 


Yh Stiliness 


Beetle 


Th 
Ty YA\ caserpinar 
LLL 


When can you see these creatures ? 





“Ltt 
Above: A raft spider 
Below: A crane fly (daddy-long-legs) My 





Above: A harvestman 
Below: A honey bee 






Ei 


a Es 
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A child’s work describing some observations on the seashore 
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Are there some animals that never seem to stop moving ? 
Do animals always move forward ? 

If an animal changes direction does there seem to be a 
reason ? 

How does it deal with obstacles in its path ? 

Do any parts of the body remain still when it moves 
along ? 

What happens to different parts of its body as it moves ? 


Here look for: 


Stretching. 

Contraction. 

Movement of feet: is there any order in which it does 
this ? 

Wing movements. 

Parts used in gripping. 

Any exploratory movements. 


Children should be encouraged to time these movements, 


if they can, to find out whether they occur regularly or 
irregularly. 





Where do they go? 








Here is an investigation involving capture and recapture. 


Garden snails 

Collect about twenty garden snails (He/ix aspersa). 
Mark their shells with spots of coloured nail varnish or 
quick-drying lacquer paint. 

If possible release them all from the same point on some 
rough ground at 9 am. 

Search the area at 12 noon. Look in cracks and under 
things. 

Plot the position of any marked snails on a plan of the 
area. 

Search again at 4 pm and 9 am the next day. 

Each time plot positions of the marked snails, using 
different colours for each search. 


If a snail can be found in a crevice or some other 
sheltered place, both the animal and the place can be 
marked and then watched regularly to try to discover 
whether it returns to the same place after a journey. 


Leaf-mining insects 

Collect fifty holly leaves or fifty leaves from sow-thistles 
inhabited by leaf-mining insects. 

Trace the routes of their tunnels. 

Does there appear to be any similarity in these routes or 
is the direction of movement erratic ? 





Classroom investigations 

Children enjoy following up questions arising in the 
course of outdoor work by setting up situations and 
observing the responses of the creatures on return to 
school. 


Emphasis in this kind of work should be on accurate 
recording of whatever is seen happening, a task well 
within the power of many children aged between nine 
and eleven. They should not be encouraged to base 
general statements (ie draw conclusions) about an 
animal's behaviour on the limited amount of 
observation and testing they are able to undertake 

at this stage. 


What they may discover through repeated testing is that 
animals of the same species do not behave in identical 
ways in the same situation and that the same animals 
will often vary the way they perform actions. These are 
findings worth discussion, for such experience can help 
children to understand why they must be very cautious 
in trying to interpret the results of testing animal 
behaviour. This attitude will be required in those who 
will eventually tackle more advanced studies. (See 
Nuffield O-Leve/ Biology, Students’ Text No. 3, 
Longman & Penguin, 1966, pages 25-34.) 


Whenever possible indoor work should be related to 
further field observations so that children can check 
whether responses observed in artificially contrived 
situations are similar to those made in the natural 
environment. 
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Some interesting animals to observe 


Equipment for containing moving animals 


Perspex food containers 
(various sizes) 














Corked boiling tube for 
very small creatures 


Food safe 


Piece of material 
glued to ends as 


stoppers Wooden stand 
for stability 


1 metre 








Length of Marley guttering 


1. A snail from below. Place it on a sheet of glass. 


2. Planarians, leeches (aquatic), earthworms (terrestrial), 
for expansion and contraction movements. 


3. Fresh-water shrimps, for their propelling movements. 
What part of the body moves to produce the forward 
drive ? 


4. Tadpoles. What drives them forward ? 


5. A caddis worm. It can be encouraged to leave its 
tube by inserting a soft blade of grass into the posterior 
(hind) end. As it is gently tickled it will move forward. 
The movements it makes when constructing a new tube 
can be observed if it is supplied with suitable material 
such as sand grains, very small beads, etc. 
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6. A caterpillar. Does it use its true insect legs and its 
cushion legs in different ways ? 


7. Looper caterpillars. 


8. Insects walking upside down and up vertical surfaces, 
eg house fly, bluebottle. With the aid of microscope 
slides, the feet of insects able to walk up slippery 
vertical surfaces, and those unable to do so, can be 
compared under a stereomagnifier. 


9. A crowd of water fleas (daphnia). Do they ever 
collide ? 


10. The rowing legs of a water boatman. 
11. The tortoise-shell butterfly. 


‘When the butterfly walks up the vivarium the wings 
open and close this may control the legs or it might 

help to balance it. When it moves up the side the 
Antennae are motionless but when it comes to an 
obstacle one of the antennae feels all round it and seeing 
it can’t move it, turns in another direction.’ 


This was written by a ten-year-old girl who watched 
a butterfly moving about in a vivarium. 
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established in a garden. (See Volume 4, page 36.) 


Speed of movement 

Aquatic creatures can be timed travelling along a 

plastic tube or length of Marley guttering. An average of 
at least three journeys should be taken. 


Equipment for timing the movement of terrestrial animals 


Rubber band 








Tunnel of 
acetate 
sheeting 


Plastic bag in which small 
animals are contained 








Staples 


Seconds 
timer 






Is it possible to discover the distance travelled by a 
wandering animal in a given time if it keeps changing its 
direction ? 


Does the surface over which an animal moves 
make any difference to its speed ? 

Cover the floor of the track illustrated with different 
surfaces : velvet, carpet, foam rubber, acetate sheet, etc. 


Note the average time for three journeys on each 
surface. 


Speed of burrowing 

Fill three-quarters of a wormery with garden soil. Place 
an earthworm on the surface of this and note the time 
taken for it to disappear. 


Does it begin burrowing immediately ? 

What movements does it make ? 

Do different worms take the same amount of time to get 
below the surface ? 


Children with access to beaches densely populated by 
lugworms could take wormeries and spades to the shore 
and use them to try to discover something about the 
burrowing habits of lugworms. 





The effect of environmental conditions 





Do small creatures move away from unsuitable 
conditions and remain still when their surroundings are 
favourable ? This idea may be tested by: 


Altering the environment around the animal. 

Offering choice between different conditions. 
Providing a gradient between two extremes and noting 
where the animal settles. 

Placing the same type of animal in different conditions 
and observing its behaviour. 


This work can provide many opportunities for devising 
interesting tests. 


Altering environmental conditions 

Turn over rocks on the seashore, or a large stone from a 
rockery, or an old log in a wood. Prise up bark from a 
decaying log. 





Do creatures beneath these things move away ? Where 
do they go ? (Restore logs or stones to their original 
positions after investigations.) 


Try to find an animal on a rocky seashore that can be 
observed both at low tide and when covered by water. 
Do its movements and times of stillness alter ? 
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Offering choice 

Use ten or more of the same type of creature for each 
test. Leave them in places where they have a choice 
for one hour. Note the positions of the greater 
number after that time. 


How similar are conditions in the places where they 
settle to those in the places from where they were 
collected ? 


Dry land and water 


Creatures 





What happens when a creature reaches the edge of the 
mat ? 


A puddle or small pond out of doors can also be good 
for this test. Use woodlice, ladybirds or small 
earthworms. 


Exposed or sheltered conditions 
Place creatures on the floor of the tank. Spiders, snails, 
woodlice, earwigs, can all be used. Plot positions. 


Objects 
creating 
Aquarium tank shelter 





Thin covering 
of peat 
Stones 
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Natural substrate, or vegetation on which these 
creatures are found should be added to each container 
before the creatures are introduced. 


What choice could be offered in a dark container ? 












Container for woodlice Cover to give 


darkness 


Wet cottonwool to 
keep plaster damp 


P 


Sheets of glass 


Adhesive tape 
for attachment 


The different colours of flowers 

Watch for 15 minutes near a herbaceous border. Which 
flowers had the most visitors in that time ? What colours 
were visited ? Did any of those flowers have a strong 
scent ? 


Gradients 

When the children have set up different environmental 
conditions in different parts of their apparatus this 
should be left for at least an hour so that a gradient 
(gradual change) can become established between the 
two extremes. 


When at least ten creatures are being tested they should 
be left for half an hour and then their positions 


recorded. Some very small creatures may respond more 
rapidly. 


If possible tests should be repeated with different 
groups of the same type of animal. 


Damp to dry air 
The slope of the tube below can be altered so that the 
dry end of the tube is below the damp end. 


The dry cottonwool is removable so that animals can be 
inserted and then quickly replaced. 













Retort clamp 


Cottonwool 
saturated 
with water 


Cottonwool and granules 
of calcium chloride 
(drying agent) 






older of 
perforated 
zinc 


Useful equipment for this next test can easily be made 
from lengths of polythene tube with a bore of 2:5cm, 
obtainable from marine stores. 


Cut a hole halfway along one side of this slightly 

smaller than the diameter of a short Perspex tube. 
Perspex is better than polythene for the second tube 
because it is rigid. Push one end of the Perspex tube 
into the hole in the polythene tube where it will be held 
firmly if the hole is not too large. Make the joint between 
these two tubes secure with Araldite. Dry and wet cotton- 
wool which has been placed in opposite ends of the 
polythene tube need not be removed as creatures will 
enter through the Perspex tube. 


Saturated cottonwool 
kept wet by adding 
water with dropper 










Marks for indicating 
positions of creatures 





Dry cottonwool =e 
and calcium chloride 





Entrance for 
creatures 


By altering the length of the polythene tube and the 
size of the Perspex tube, this type of equipment can 
be made for creatures of different sizes. 


The following animals are suitable for testing : woodlice, 
ladybirds, ground beetles, earwigs, small snails. 


Different intensities of light 

Use small aquatic creatures for this test, such as 
cyclops or daphnia. The tube is filled with pond water 
containing copepods, tightly corked, and held 
horizontally by clamps. Gelatine cylinders are added. 


Note the position of the creatures after two hours during 
the daytime. Then transfer the apparatus to a dark place 
for two hours. Did the creatures move to different positions ? 







Water containing 
daphnia 


Cylinder of red 
gelatine 
Cylinder of blue 
gelatine 


Natural gradients 
A change from marshy to dry land provides a natural 
gradient between wet and dry conditions. 


The seashore also offers a gradient between exposure to 
air and cover by salt and water. See Volume 3 Part 2, 
page 31. 


These studies will show where various plants and 
creatures have become established. Do these living 
things occupy these places because the conditions 
there are most favourable to them ? 
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Behaviour under different conditions 
Moving and still water 

When both ponds and streams are within reach of the 
school, children can try to find out whether different 
creatures live in moving and still water. This will give 
opportunities for finding out more about the movements 
some of them make, whether they spend most time 
attached to something and how they cling. 


Here is some work children might do in the classroom. 
Suitable creatures might be tadpoles, young 
sticklebacks, water boatmen (strong swimmers), pond 
snails (heavy creatures), and copepods (very small light 
creatures). Place the same number of similar creatures in 
each tube. 


Moving and still water Tap 






Plastic tube 





Inflow adjusted 


to equal outflow Polythene tubing 






Clamps 





Do they collect in one place ? 
Can any of the animals tested move against the stream ? 


Moving and still air 

Try to find out whether insects can be seen out of doors 
in the following conditions: dull and windy, dull and 
still, sunny and windy, sunny and still. 


Suitable animals for indoor testing: 


Small terrestrial insects. 

Small flies like drosophila which can be obtained by 
placing some rotting fruit such as plums in an open jam 
jar out of doors for a few days. 
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Place the same numbers in each container and note 
behaviour. 


Continuous air stream 


Vacuum cleaner adjusted 
to give outflow of air, 
not suction 


Acetate arch 





Perforated 
Zinc 


Intermittent movement of air 





Pump for 1 min 





Rest for 1 min 


Pump for inflating air beds 


Still air 





Behaviour in mazes 

Children enjoy constructing mazes. This can be done 
quite easily by glueing strips of balsa wood to a sheet of 
hardboard so that interconnecting passages are left 
between the strips and also an entrance and an exit. 

A sheet of acetate held in place by Sellotape can serve 
as a transparent roof allowing the creatures’ wanderings 
to be visible. Woodlice and small terrestrial insects such 
as ladybirds or ground beetles can be tested. If the maze 


is large enough it will also serve for observing mice or 
hamsters. 


Acetate 
sheeting 
















































































Hardboard 


Balsa strip 


How long does the animal take to find its way round ? 
Does it need this amount of time for every trial ? 


Do different animals behave differently in this 
apparatus ? 


Which creature makes the quickest journey ? 


This work can provide children with useful experience of 
the following ideas: 


Motion, a change of position in a given time. 
Speed, the time taken to cover a given distance. 


These concepts can also be used in referring to 
movements involved in other processes, such as speed of 
eating and rate of breathing. The teacher should 
encourage the use and discussion of these terms as the 
children work, bearing in mind that this can contribute 

to the foundations for future understanding of more 
difficult concepts such as velocity and acceleration. 





Feeding habits 


Interest in the way animals feed may arise in many 
ways, through discoveries of food tracks, looking after 
school pets, or observing a bird table in winter-—just to 
mention a few. 


What do they eat ? 

Examine plants carefully for small animals. Keep a 
creature in captivity for a short time with some 

of the plant it was found on, to see whether any is 
eaten. 


When damaged leaves are discovered on a plant, look 
around for creatures that may be on it. 


Look around on the ground for fruits, seeds and nuts 
that have been damaged. Do they look as though the 
damage has been done by feeding animals ? How would 
you find out ? 


Try to find some pictures that might help to give clues 
about the creatures that may have been responsible. 


Suitable books to try might be: 


F. Speakman, Tra//s, Tracks and Signs (Bell, 1954). 
A. Leutscher, Tracks and Signs of British Mammals 
(Macmillan, 1960). 


Tease out any bird pellets that may be found. Woods 
are good places in which to search for owl pellets. 
Seagull pellets can sometimes be found on the shore. 
(See also Volume 3 Part 1, page 25.) 


Hunt for a squirrels’ dining room in woodland 
containing coniferous trees. It consists of a tree stump 
over which broken cones are scattered. 


Offer a wide choice of food on bird tables. This is one of 
the best ways of discovering the kind of food different 
birds like to eat. 


Note that some birds feed on the ground, so some food 
should be placed there too. However, this should be 
removed before dusk to avoid attracting rats. 
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Children can record their discoveries on a class chart or 
make group records. 







































































In autumn examine spiders’ webs for the remains of their 
captives. 


Through discussion children can sort the animals they 
have observed into plant and animal feeders, and the 
terms herbivores and carnivores can be introduced. 


The useful role of some animals as scavengers can also 
be considered. 


Try to watch butterflies and other insects extracting 
juices from the following flowers when they are in 
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bloom: hogweed (July), buddleia (August), blackberry 
(July), ice plant (September), lavender (August). 





Feeding on juice from a flower 


How do they feed ? 

First of all it should be stressed that investigations 
involving feeding living creatures to other animals are 
not recommended. In the course of their studies children 
will certainly discover that many animals survive at the 
expense of others; and they may need to give food to 
carnivorous animals. There should be no false sentiment 
about this. Questions children may raise should be dealt 
with in a matter-of-fact way, but activities likely to give 
rise to feelings of interest and respect for living things 
are considered more appropriate for tests and 
investigations. 


Again children will find large magnifiers and 
stereomagnifiers their most useful tools for recording 
first-hand observations. 


What to observe 

Here it is difficult to give specific advice. Any creature 
that will continue to feed while under observation is 
well worth watching. School pets are often particularly 
co-operative ! 


For collecting detail about what physical actions are 
involved, large magnifiers should be held over the front 
ends of the smaller animals. 


Children need plenty of time to watch and think over 
what they see. 


Here are some questions. 


Does the food material need holding ? 

What parts of the body come into use for this purpose ? 
Does the animal scrape, bite, chew or suck ? 

What animals do none of these things ? 

What use do hamsters make of their cheek pouches ? 


Prepared slides of the mouth parts of insects, a snail 
radula and specimens of different types of mammalian 
teeth will be useful here in helping children to work out 
how the actions of feeding are performed. 


Information can also be gained by timing animals 
feeding, for instance: 


How many times does a sheep crop the grass in five 
seconds ? 

Do all cows chew the cud at the same rate ? 

What are some of the changes that take place to 
different foods in our mouths ? Are different parts of our 
tongues responsible for giving us the taste of different 
flavours ? (For taste, see Ourse/ves Stages 1 & 2, 
Macdonald Educational, 1973, page 28.) 


Children making observations in this field may like to 
have an opportunity of examining insect mouth parts 
closely. Perhaps a few slides could be studied together 
with the Nuffield O-Level Biology film loop (800E) of a 
house fly feeding. 


The great diving beetle (Dytiscus marginalis) 
This creature can provide a very rewarding study. It can 
be kept in a classroom aquarium but should be apart 
from other aquatic creatures as it is carnivorous. 


Feed twice a week on raw meat. Cut a thin strip of meat 
about 25cm long, to resemble a worm. Hold one end 
with forceps and wave it gently in front of the creature 
until it seizes it. 


Feeding movements can then be observed through a 
magnifying glass, and timed. 


Repeat the same procedure, but hold the strip of meat in 
the water without moving it. Does the beetle respond ? 


Does this creature have a preference for live food ? 





The great diving beetle 


Food can be weighed beforehand, and then a trial can 
be undertaken to see how much the beetle will accept 
for one meal. It will stop eating when it has had enough. 


Can you devise a way of estimating how many water 
fleas would have to be eaten by the great diving beetle 
in order to obtain the same mass of food ? 


Does the amount eaten at any one time alter according 
to whether the animal is fed daily or twice weekly ? 


Considering this animal's natural food may lead to 
discussing the relative sizes of animals that eat others 
and those that are eaten. 
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Searching for nectar 

In late July and August if the weather is warm and 
sunny, cabbage white butterflies and worker hive bees 
are often attracted to the same border of lavender, 
which comes into bloom at this time. 


Try to see the proboscis of each insect as it is poked 
into a flower. How long (approximately) does each 
animal take to make one probe? In what position does 
it hold its body and wings while probing ? 


Try to observe the way the bee rubs its body with the 
third pair of legs to remove pollen. At the same time try 
to discover whether the pollen baskets on the third pair 
of legs are full or empty. What colour is any pollen in 
them ? 


How does a caterpillar feed upon a leaf ? 

Use leaves from the plant on which it was found. Leave 
one leaf only on a twig. Place this leaf against 2-mm 
graph paper and draw its outline. Then place it in an 
insect cage with the caterpillar. 


Make outline drawings of the leaf at suitable 
intervals ; reduce time for very hearty feeders. 


Count the squares to calculate the amount eaten. 


If the insect eats voraciously, a weighed twig bearing 
several leaves can be used and re-weighed at regular 
intervals to find loss in mass. 


Perforated 
zinc 


Tin lid 
Acetate 


cylinder 


Twig 
Gloy bottle 


Base of tin 
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Record of leaves eaten by a caterpillar 

When a good method of finding the amount eaten in a 


given time has been devised, children can use it to try to 
answer the following questions. 
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1. Is its feeding regular, that is, does it eat the same 
amount each hour (or other suitable time interval) ? 


2. Does it feed intermittently ? If so, at what intervals ? 
3. Is more food eaten in daylight or in darkness ? 


4. Does feeding slow down or speed up before or after 
the skin is cast ? 


5. Do young caterpillars eat more or less in relation to 
their total weight than older caterpillars of the same 
species ? 


6. Are there any differences in the amount eaten by 
different species of caterpillars of the same size ? 


Whenever possible, answers should be averages on 
results of a number of observations. 





This was written by an eleven-year-old girl who produced a book about some silkworms she reared 
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How much do animals eat ? 





Weighing silkworms against grains of corn 


Here are the calculations made by the same eleven-year- 
old girl. This study took her a term to do. 


‘How much does one silkworm eat during 4 hours ? 

Leaf when put in cage weighs 17 pieces of corn. 

The leaf when we took it out weighed 14 pieces of corn. 
The silkworm has eaten the weight of 3 pieces of corn.’ 


‘786 pieces of corn weigh 1 oz. 


3 1 ’ 
=e xo Of an oz. eaten. 


‘In 4 hours the silk worm eats x5 Of an ounce of leaf. 
How many times its own weight does it eat ? 

The silkworm weighs 14 corn seeds. 

The silkworm ate about 4 of its own weight.’ 
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It would be correct to use the term ‘mass’ here, rather 
than ‘weight’, but the work was done before the 
introduction of SI units. 


How long does food take to pass through 


the body ? 
Children aged eleven or twelve might tackle this 


investigation. 
Food should be offered as follows. 


1. Leaves of food plant covered with cochineal or 
methylene blue: offer to snails, caterpillars, stick 
insects. 


oe Chopped leaves mixed with Borax carmine powder: 


offer to snails and caterpillars. 


3. Organic detritus mixed with Borax carmine powder: 
offer to woodlice. 


4. Very small particles of white expanded polystyrene 
mixed into the soil in one part of an inhabited wormery : 
offer to earthworms. 


Time the interval between the time of providing food 
and the appearance of marked faeces, or pieces of 
expanded polystyrene, being found in another part of the 
wormery. 


Note that these observations can only be approximate, 
as material is often passed out of the body during the 
night, and an animal may not begin feeding as soon as 
it is supplied with food. 














6 What happens when... ? Some ways > 


of testing materials 








When children are working with the things they choose 
for investigation the unspoken question they often have 
in mind is ‘| wonder what will happen if... ?’ This 
spurs them on to think of more and more tests to 

carry out. 


Items from the miscellaneous collections they bring to 
the classroom after beachcombing expeditions, a visit to 
a building site, or foraging on waste ground or spoil 
heaps are particularly suitable for this treatment. 


Children can do a number of different things to a 
particular material simply to increase their own 
knowledge of it, but they should also try the effect of 
the same tests on different materials in order to 
compare them. 


If tests are to be of any use as a means of comparison 
they must be fair. It is useless to strike one material hard 
and another gently and then say the first was weaker 
because it broke apart. In some cases the quantity of 
material tested may affect the result. 


When making comparisons there needs to be a standard 
way of carrying out the test each time, so that the effect 
of one possible variable — the property of the material 
being tested — can be observed properly. Checking 
work by repeating a test is also necessary. 


This brings us to the importance of a quantitative 
approach when this work is taken beyond the stage of 
rough testing and approximate results. Measurements 
will help to ensure similar treatment each time a test is 





performed ; they provide a precise means of describing 
and comparing results. 


In working with children of about nine to twelve years 
of age, it is necessary to remember that they are still at 
the stage of testing for the purpose of discovering what 
happens when they do something, rather than why. They 
still need to make many observations that it will be 
helpful to remember, at a much later stage, when the 
time comes to tackle the kind of investigations that may 
provide explanations. 


We now come to some ideas that teachers may like to 
bear in mind when they talk to children planning 
investigations. For clarity these suggestions have all been 
grouped together but children should certainly not be 

set on to working through them or even be given one or 
two as isolated exercises. 


Before children begin to test things, they need 
experience which gives them good reasons for choosing 
a specimen or group of materials they wish to know 
more about (see also pages 82-85 for ideas). 


When children have chosen a material for investigation 
they will gain the greatest satisfaction from trying out 
tests they have devised for themselves. Therefore we 
hope teachers will not draw on this information merely 
to tell children what to do or write out didactic 
instructions. It will serve a better purpose if it is used as 
a source for leading questions and for help in providing 
the kind of raw materials and equipment that can spur 
the children on to ‘have a go’. 
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Is the material hard ? 


What happens when we try scratching it? 
Materials for testing: rocks, man-made solids, 


eg bricks, concrete, plaster, metals. 


Clamp the specimen firmly in the vice of a work bench. 
(In this way the child does not need to hold it and risk 
hurting himself.) 


Collect a number of objects with edges or points of 
varying sharpness and hardness. Use these in turn for 


trying to mark the material. 


Children can devise their own scales for judging the 


Wig 2S Es 
CLL ALLL ALE LLL 





hardness of the material. 
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Material scratched by 








Finger nail 

Penny 

Hacksaw blade 

File or edge of a flint 
Diamond (type used for 
writing on glass) 





Results can only be approximate because it would be 
impossible even for the same child to be certain of 
exerting the same pressure on the tool during each test. 
This method should enable children to grade different 
materials in order of hardness. 


Care must be taken to note the difference between 
marking which does not indent and true scratching 
which produces permanent marks. The two may be 
distinguished by rubbing all marks made with a cloth. 


Record the results of testing on a chart by placing 
appropriate figures from the scale against the name of 
each material. 


Material Hardness 





Chalk 


| ; ' | 
| | | 








Avoid testing beautiful crystals or unusual rocks by this 
method. 


What happens when we try to drive a nail in? 







Ruler serving as marker 
for release of mass 
from known hetght 






A mechanical hammer 


Materials for testing: different woods. 
Hammer a nail of known length into the wood to be 
tested, to a depth of 5 mm. 


Raise heavy mass until it is level with a convenient 
reading on the scale. Release the mass to fall on the © 
head of the nail. 


The amount of further penetration of the nail into the 
wood can be calculated after the length of nail still 
visible has been measured. 





Can the material be divided into smaller 
pieces? 





Materials for testing: lumps of rock: a block of 
kitchen salt; clay in its wet and dry state; pieces 
of brick; bits of metal; pieces of leather and 
nylon. 

Can the material be crushed by grinding ? 

Can it be cut with a knife or scissors ? 

Can it be broken up by beating with a hammer ? 


Answers to these questions can only be approximations, 
since pressure applied to the above materials will vary 
even when applied by the same child. 


From what height must the mechanical hammer (see 
page 68) be released to break or flatten it ? 





To what extent will the material bend ? 


How much sand must be placed in the 
bucket to bend or break the length of 
material ? 

Materials for testing: twigs (dead and living) ; 
small branches; stems of herbaceous plants; 
bones; shafts of feathers; tubes made of paper. 
The quantity of gravel or sand required in the bucket to 
bend or break material is found by weighing. (See 
Nuffield O-Leve/ Biology, Students’ Text No. 2, pages 
62-64, for further use of this method.) 


In the first illustration (opposite), the plastic bucket with 
sand in is shown suspended from a cardboard tube. 


Tubes of different lengths and of different sorts of 
paper should be tested. 


Which can support the heaviest mass: a long or short 
length of the same material ? 


Cardboard tube 





A small container can replace the bucket when fragile 


_materials like flower stems are tested. 


Which are stronger, the solid or the hollow stems of the 
same diameter from herbaceous plants ? 





Child's bucket 
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How much pulling can it stand? 





Materials for testing: threads of cotton, linen, 
nylon, wool; threads unravelled from fabrics; 
natural linear materials, eg sheep’s wool, 
horsehair, badger hair, human hair; wire. 


Table 










Washer 






Dynamometer 


am, 






Thread 





Note the reading on the dynamometer as the thread 
breaks. 


Can you discover any thin threads that are stronger than 
thick threads ? 


If you increase the number of strands (the ply) in 
knitting wool do you make it stronger ? 


Can you find some threads of different material of the 
same thickness ? Are they all equally strong ? 


How much pulling is required to tear it ? 
Materials for testing: fabrics, papers, leaves. 


Clamp 
lL [| ZZ neovn ceeN 


Wie le 


KG g 














Pin of staple this end 
of paper to strip of wood 
supported between 
two clamps 





Eyelet hole 







Region undergoing test 
Place washers or masses 


in pan until strip tears 
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Can we learn something about a material 
by making it move ? 


What happens when we release material 
from a height ? 

Materials for testing: various solid pieces of 
different shapes, eg balls, conkers, acorns, 
pebbles. 


Scale fixed 
to wall 

















Surface 4 |) 
q 





Hold material at arm’s length, then release it. Does 
it bounce ? 


Use a material that will bounce and try to discover 
whether any of the following conditions make any 
difference to the height of the bounce: 


The mass of the lump. 

The shape of the lump. 

The height from which it is released. 

The material of surface it strikes after falling. 


Balls are useful for making comparisons of the bouncing 
capacity of different materials. 


Is the material attracted by a magnet? Marks on the side of this vessel indicating the amount 
of essence for each bath can serve as a useful scale. 


Support the container in a retort stand. Cover the hole in 
its base with a finger or a piece of adhesive tape. Fill the 
container with liquid to the mark A on the scale. Remove 
the tape covering the hole so that the liquid can run into 
a vessel or the sink. 


Use a seconds timer to measure the time taken for the 
level of the liquid to fall from B to C on the scale. 





How quickly will different liquids move 
through a hole? 


i Seconds 
Oe. timer 
Y / : 
A suitable container for this test was made from a { 
straight-sided polythene bottle which originally 
contained bath essence (diameter 4-5 cm, length 
18-5 cm, including cap). Its base was cut away and ae 


a hole bored in its plastic cap with a hot steel knitting 
needle. 
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What can we learn about a material by 
making other things move through it ? 








The movement of a ball bearing through 
different liquids 

Materials for testing: water; water plus Polycell; 
vinegar; cooking oil; castor oil; liquid detergent. 


Small 
ball bearing 


Terry clip 
Liquid 


Polythene 
tube 


Seconds 
timer 











Rubber bung 





Measure the time required for a ball bearing (5-mm 
diameter) to travel downwards through the liquid. 


Children will be able to do this more successfully if the 
column of liquid is long. Polythene tubing (2:5-cm 
bore) for holding the liquid can be obtained from 
marine store dealers or hardware shops. About 2-3 m of 
this can be fixed to a wall with Terry clips. 


The same ball bearing should be used when different 
liquids are compared. 
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The movement of water inwards through 
all surfaces of a solid lump of material 
Materials for testing: pieces of various solids, eg 
rocks, bricks. 

Weigh the material to be tested. Place all its surfaces in 
contact with water. 


Leave for ten minutes, then take it out of the water and 
carefully wipe surplus liquid from its surface. 


Re-weigh. Any gain in mass can be taken as a measure 
of the water absorbed. 


Repeat at ten-minute intervals until after three 
successive weighings no further gain in mass is 
recorded. (Much shorter timings will be required for 
some materials.) 


When the material will not take up any more water it 
can be described as saturated. 


Gains can be expressed as percentages of the original 
masses when materials are compared. 


Bricks are interesting to investigate in this way. Is 
there a difference when bricks are cemented together ? 


This could be a starting point for inquiries into damp 
courses in houses. What are they for ? What happens to 
a house without a damp course ? 







Stand cut from plastic 
carton, or laboratory 
tripod 


The movement of water downwards 
Materials for testing: flat pieces, eg fabrics, 
strawboard, paper, leather, polystyrene, 
polythene, plywood, sheet metals. 





Use a 5-ml syringe to place a drop of water of a known 
quantity on the material. Note the time taken for it to 


soak into the material. 


Make a list of materials suitable for weatherproof 


clothing. 


Materials for testing: particulate matter such as 
soils (alluvium, peat, sand; large grains, eg rice); 


small particles, eg custard powder. 












Movement ff 
of water 


Vv 









7 Water 


Perspex tube 
(2:5-cm bore) 


Strong card Clamp 








Rubber band holding 
Terylene cap in position 
to prevent escape of 
material 





Seconds timer 


Use soils in an air-dried condition. Grind very gently 
with a pestle and mortar to separate particles. 


Fill funnels with water and measure depth to which it 
has penetrated at convenient intervals of time. 


The movement of water upwards 
Materials for testing: particulate matter as 
before 

Stand tubes of soils (or other materials) in jars of 
water and at convenient intervals of time measure the 
height to which the liquid has risen. 








' Perspex tube 
ia—— (2-5-cm bore) 


Jam jar 
containing 
water 


FO ie cap held 
by rubber band 


Materials for testing: strips of papers, fabrics. 
The height to which water penetrates in a given time is 
recorded. 

Strip of material 










—_— San 
Bar supported in 
clamps at each end 


Paper clips 
or glue to 
secure 










Water in 
jam jar 





Seconds timer 
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When children undertake more advanced field studies at 
the secondary stage they will find that the upward or 
downward movement of water in soils can give rise to 
different environmental conditions. 


When the weather is fine, drying up or evaporation of 
moisture from the soil will cause upward movement 
of the water, and if this does not continue to extremes 
it will leave the soil well aerated. 


When there is more rain than can be dried up as it 

falls, water will soak downward through the soil, 
washing (or leaching) the chemicals known as bases 
from its upper layers, which then usually become 
strongly acid and unsuitable for many plants. If heavy 
rain is continuous more and more water will accumulate 
in the soil leaving it waterlogged and with no spaces 
between its particles for air. 


The movement of heat 

Materials for testing: calico, silk, nylon, 
Crimplene; cottonwool ironed flat and in its 
usual state; down tightly and loosely packed. 
Which animal has the warmest coat? — 


Make coats of different materials to fit round the bodies 
of squeezy bottles. Fill these bottles with hot water. 
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If possible, they should all be at the same temperature to 
start with. Leave one without a coat. 


The bodies should be supported on wire legs, to keep 
them all in the same position and to prevent them from 
touching anything to which they might loose heat, 
apart from the surrounding air. 


Fix thermometers in the necks of bottles, packing them 
round with cottonwool. 





bei 


Does size make any difference as they cool ? 


Each child taking part in the test could try to obtain a 
cooling curve for the water in its own animal by 

plotting its temperature against time at 60-second 
intervals. Comparisons could be made by putting all these 
Curves on the same chart. 


Temperature in 
Celsius 


Time in seconds 


Does heat pass more rapidly through material 
with threads close together or separated by air 
spaces ? 

Compare the effect of: 


Jackets made of cottonwool in its natural state and 
after ironing. 
Jackets of tightly and loosely packed down. 


Why does a bird fluff out its feathers in cold weather ? 
What connections can be made between: 


The rate of movement of heat through materials and 
clothing for different weathers ? 

Double glazing ? 

Lagging for hot-water pipes ? 


Can electricity move through a material 
or is it resisted? That is, is a material a 
conductor or an insulator of electricity ? 
Materials for testing: strips of papers, metals, 
plastics, fabrics, wood. 





Board 











Crocodile clip for 
connecting wire to 
material 








Strip of material 
for testing 









If the material under test is a conductor of electricity, the 
bulb will light when the wire is connected to the free 
end of the material by means of the crocodile clip, 

thus completing the circuit. 


Are materials that are conductors of electricity good or 
bad conductors of heat ? 


Can a material be changed ? 


Here some discussion might involve teachers’ questions 
to encourage children to consider what properties of a 
material might be changed by the treatments they think 
of giving. 


They could examine: 


Size (length, width, thickness, area, volume) ; mass; 
texture; colour; shape; number of pieces. 


Before testing, put on one side a piece of each material 
so that its original state can be compared with the 
treated pieces, that is, provide controls. Make 
measurements of materials to be treated. 


What can be done to discover whether changes in a 
material are permanent or temporary ? 


Consider the length of time observations should be 
continued after treatment. Try to reverse the treatment, 
eg drying after wetting, cooling after heating. 


What happens when we try to stretch it ? 
Materials for testing: lengths of rubber, elastic, 
wool, cotton, nylon, silk threads, thin wire, 


steel springs. 
Children can cause temporary changes in some materials 


by pulling them. Their length increases but they return to 
their original state when the pulling stops. These 
materials are said to be e/astic. 


What is the effect of squeezing materials ? 
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Steel springs are particularly interesting to 
investigate. 


Suspend the spring from a hook. Measure its length. 


Attach a load with a mass of 100 grammes to its lower 
end. (The gravitational pull of the earth on this mass 
exerts a force on the spring.) Measure the increase in 
length of the spring. Does the spring return to its 
original length when this load is removed ? 


Now increase the mass of the load by regular amounts 
(200, 300, 400 grammes, etc), and hence also the force 
applied to the spring. Each time record the corresponding 
increase in length of the spring. Does the spring still 
return to its original length each time the load is 
removed ? 


Increase 
(extension) 
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If the children record these investigations by plotting 
each increase in the spring’s length (extension) against 
the mass of each load used (and therefore the force 
applied to the spring), they obtain a straight line graph 
showing that the extension of the spring is directly 
proportional to the force applied to it. 


Increase in length 
of spring in cm 


Mass of load in grammes 


Children should be encouraged to continue loading the 
spring to find out whether this relationship continues 
indefinitely. If they do so they will eventually find a load 
that causes the spring to lengthen much more than 
usual and when this happens the change in the spring is 
permanent. 


This type of investigation enables children to find out 
that a spring obeys Hooke’s Law, namely: ‘The 
extension of the spring is directly proportional to the 
force applied to it, up to a certain point.’ This point 
where elasticity is lost is known as the e/astic /imit. If 
the pulling on a material that has reached its elastic limit 
is continued, the point when it will break will 

eventually be reached. 


So far we have suggested that children should observe 
elasticity as a property of the spring, because its 
behaviour is easy to observe. They could continue by 
trying to find out what happens when they try to stretch 
certain materials (a rubber band, knicker elastic, wool, 
nylon thread, cotton, etc). 


When stretching a rubber band, does the addition 
of equal additional loads cause equal extensions ? 


Hook 





Rubber band 











Washers 





After working with rubber bands and washers children 
should see that the bands do not stretch evenly like 
steel springs. 


What mass causes the band to reach its elastic limit ? 


How much greater must the load still be made to reach 
the breaking point of the band ? 


Which materials give no increase in measurable length 
when a load is hung on to them ? 


This work has great relevance to everyday life. Tests to 
define the elastic limit of materials used in constructing 
bridges, high flats, aircraft, etc, are essential as they 
indicate the extent of the strain these materials can 
stand before they are in danger of breaking. 


Does the material change in water ? 
Materials for testing: solids, eg rocks: household 
ingredients such as rice, sago, salt, custard 
powder; paper; strawboard; wood; leather; 
fabrics; rubber; plastics; metals. 

Note the time. Place same quantities of the material in: 


Cold (tap) water. 
Warm (70°C approx) water. 
Hot (95°C approx) water. 


Then shake and stir vigorously, or do not move further. 


For each material tested, record any change observed, 
and the time required for the change to occur. 


Here is a study that can be carried out with sugar and 
water at various temperatures. 





With Time 
shaking or in 
stirring sec 





Sugar Without Time 
plus shaking or in 
stirring min) 
+ 


Still visible 20 Dissolved 35 








Dicsalved 4 


ae ee 
Dissolved — 15 


Partly | 20 
dissolved 














Still visible | 20 
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Does the material change in other liquids ? 
Materials for testing: as above. 
Test as for water. 


Suggested liquids: 


Weak hydrochloric acid (10%) (under supervision). 
Vinegar. 

Lemon juice. 

Olive oil. 

Glycerine. 

Washing soda (strong solution). 


Does anything happen to the material in 
dry air and damp air? 

Materials for testing: any solids or liquids, eg 
lumps of metals, crystals of copper sulphate. 
For an investigation on dry air, place material in a 
desiccator (possibly borrowed from a secondary 
school), together with a strip of cobalt chloride paper 
which is blue in dry air. 


Examine at intervals. 


A desiccator 






Flange greased to 
make joint airtight 


Cobalt 
chloride 
paper 


Material 
Granules of calcium 


chloride for absorbing 
moisture 


For the damp air investigation, leave material in a 
convenient place out of doors. 


Examine regularly. 


Are buildings and inscriptions on monuments in desert 
countries affected by weathering ? 
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Dampness of air and therefore its capacity to affect 
materials can vary. Children can check this by finding 
out how quickly a disc of wet filter paper hung on a 
drinking-straw balance becomes lighter through drying. 
(See page 45.) 


Is the material affected by frost? 
Materials for testing: any solids or liquids. 
Liquids 

Leave corked medicine bottles full of different liquids, 
eg tap water, sea water, olive oil, anti-freeze, out of 
doors on a frosty night. Make sure that the bottles are 
in a place (eg in a large bucket) where no harm can be 
caused by breaking glass. Examine them as early as 
possible next day. 


What causes water pipes to burst in winter ? 


Solids 
Leave out of doors in a convenient place throughout the 
winter. 


Examine regularly. 


Make a careful examination of road surfaces and the top 
bricks of walls towards the end of a severe winter, or 
the base of some bare rock surfaces in mountainous 
regions. 


What happens when we burn or heat a 
material ? 

Materials for testing: any solids. 

The following activities could be dangerous, so should 
be carefully supervised or demonstrated by the teacher. 
















In an Ina 
open closed 
container container 


In a flame 
(held with 
tongs) 


Burned very 
quickly 
Burned very 
quickly 
Burned 
steadily 
| : | | 1 


Materials 
heated 




















Nylon 





Balsa wood 






After heating some materials it may be possible to leave 
them to cool again. 


By making comparisons with untreated pieces of the 
same materials, children can discover whether any 
permanent or temporary changes take place. 


Materials for testing: tap water; sea water; 
weak HCI; milk; methylated spirits. 
At what temperature does water boil and change ? 






Thermometer 


Escape for steam 


Water 


Note that steam, to which water changes, is invisible, 
but as it reaches cooler air, it condenses to form water 
vapour, and this is what children will see. This is an 
example of heat causing a temporary change that can 
soon be reversed by cooling. 


Cooling 

Hold a cold piece of glass against the water vapour that 
is produced when water in the flask boils. What is 
formed on it? 


Do other liquids boil at different 


temperatures ? 

Materials for testing: other liquids. 

If any inflammable liquids are used, they should be 
investigated by means of demonstration or very carefully 
supervised practical work. 


Boil water in a beaker, then remove from heat. Allow the 
water to cool till its temperature is about 80° C. 











Methylated spirit 





Beaker containing 
hot water 


Hold a tube of methylated spirits (methyl! alcohol) in 
this water and watch the result. 


When children have had experience of discovering how 
easily some solids and liquids can burn and boil, there 
should be a discussion on the dangers of inflammable 
materials. 


Can we change the colour? 


Materials for testing: fabrics. 


What happens when we try to add colour ? 
Boil fabrics in water containing: 


Chemical dye. 

Food colouring such as cochineal. 

Plant material such as onion skin, elderberry juice, 
beetroot, spinach. 


Ye) 


lan F. Sime, Plant Dyes, Teacher's Book (Ginn, 1970), 
gives further information about vegetable dyeing. 


Children can extend their investigations by varying: 


The proportion of dye to water. 
The time of boiling material in dye. 


Children could read about mordants and then use 
vegetable dyes with and without this aid. 


What happens when we try to take colour 
away ? 

Soak material in water to which different amounts of 
bleach have been added. 


Expose material to strong sunlight for different periods 
of time. 


What happens when we mix colours ? 
Material for testing: paint. 
Add different quantities of white to a colour. 


Add different quantities of black to a colour. 


Mix two colours: in equal quantities ; in the proportion 
Sela 22 4, 6tc 


Materials for testing: tissue paper; tarlatan: 
gelatine; glass. 
Superimpose one colour on another. 


Paint the colours of the spectrum on a cardboard disc. 
Fix to a grindstone or hand drill. Turn rapidly. 





a 
Hi 


Hand drill 


Cardboard disc 
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Chemical indicators 

Children will know from their experience of eating 
beetroot and spilling blackcurrant juice on the table 
cloth, for example, that many plants contain coloured 
juices. They can make an extract of juice by grinding 
pieces of red cabbage leaf with cold water in a pestle 
and mortar or simmering pieces of these leaves in hot 
water for about five minutes and then straining off the 
liquid obtained. 


They can then investigate the effect of adding small 
quantities of different liquids by means of a dropper to 
5-ml portions of this juice. 


Through the results of these tests children may discover 
that their liquids can be placed in two sets: 


Those capable of turning cabbage juice reddish-purple. 
Those capable of turning cabbage juice green. 


The non-poisonous liquids causing these changes in the 
juice can also be tasted, under supervision. They may 
then find that those turning cabbage juice purple taste 
sharp like acid drops. 


From such experience children will find a need for 
words to name their two sets of liquids, and they may 
then be given the words acid and alkali. 


Then another plant dye, capable of reacting like cabbage 
juice, can be introduced: litmus solution (green). By 
adding different liquids to this children can find out that: 


Acids change litmus solution to red. 
Alkalis change litmus solution to blue. 


Testing with litmus 

If children now test different liquids quantitatively by 
adding the same quantity of each (five drops from a 
syringe) to 5 ml of green litmus solution they may 
obtain colour changes ranging from blue <——_ 
green —® orange¢—-® red. Such results may help 
them to realise that some liquids are more strongly acid 
or more strongly alkaline than others. In other words, 
there is a gradient between the extremes of acidity and 
alkalinity. The term neutra/ can be introduced to 
describe the middle of this range and this term can be 
related to litmus at the green stage. 


It should now be possible for children to appreciate the 
use of indicator test papers: strips of filter paper 
treated with indicator solutions such as litmus. 


Testing soil with indicator papers 

Leave soil on papers for ten minutes then examine 
papers to see whether one has changed to the same 
colour as its neighbour. 





Johnson’s universal soil testing paper can be used in the 
same way. Its colour after contact with soil can be 
matched against a colour scale which is included with 
each booklet of test papers. This scale can serve as 
another illustration of the gradient between acidity and 
alkalinity. 








What happens when we put two 
materials together ? 


What can we mix ? 
1. Two materials consisting of particles: 
Sand and sugar. 


Salt and sulphur. 
lron filings and sulphur. 


Shake them together and examine with a magnifier the 
mixture produced. 


Has this test altered any of these materials ? 
2. A liquid and a solid: without shaking; with shaking: 


Soap and water. 

Soda and water. 

One crystal of potassium permanganate and water. 
Alka-Seltzer and water. 

Sulphur and water. 

Flour and water. 

Chalk and weak hydrochloric acid. 


3. Two liquids: without shaking ; with shaking: 
Copper sulphate solution and water. 
Copper sulphate and sodium chloride solutions. 


Olive oil and water. 


Vocabulary: dissolve, soluble, insoluble, diffuse, 
effervesce, paste, emulsion, precipitate. 


Can we get the materials apart again? 
The following methods can be tried: 


1. Use a magnet to see when one solid can be attracted 
and the other does not respond. 


2. Filtering: when the solid has not dissolved in the 
liquid or has been precipitated from it. 


3. Decantation. When a heavy solid has not dissolved 
in the liquid it can be allowed to settle and the liquid 
can then be poured off gently. 


When one liquid settles beneath the other, the upper 
layer can be poured off gently. 


4. Evaporation: with or without heating, when 
a solid has dissolved in a liquid. 
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7 Some suggestions for projects 





Here are some ways in which children may be 
encouraged to want to know more about certain 
collections of materials. Very often they will just collect 
things that happen to be lying about in a place they 
visit. Waste ground is of course particularly rich in this 
way. At other times special situations will provoke 
action. 


A beauty spot ruined by litter 
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Looking after the countryside 





What conversation might follow when a scene like this 
photograph is met ? 

Does this sort of thing often happen ? 

Where do you find most litter ?° 

Who drops it ? (Make a list of people seen dropping 
litter.) 

What do they drop most frequently ? 


This might lead to some more precise investigations 
about litter-dropping habits. 


Provide duplicated check lists of possible items of 
litter. 


A record of litter collected by a group of children in 15 minutes 











Mass in grammes of each material 
picked up during 15-min period | 


Use areas of equal size, for example: 


Along a roadside at different distances from a lay-by. 


Different places along a seafront. 


In an urban park on different days of the week. 


the effect of such conditions on equal masses of 
materials. The results of the testing could be shown on 


charts. 


Tests should be done on materials children bring from 
home to avoid the handling of dirty things. 


Ask children to record litter seen by ticking their lists. 


Each group of children could show its results on a 


block diagram. 


Children could be encouraged to suggest conditions 
that might cause deterioration of litter, and then to test 





nuisance in the countryside ? 











Which pieces of litter are likely to prove the greatest 


Has the discovery of plastic materials always been of 
- benefit to human beings ? 

















—— 
















































ro te eet i ce > aay ie ; = a =. a : 
Procedure used Plastic White Brown _Ice- Sar- Paste  Cigar- News- Toffee Apple Tin 
with material | bags paper paper cream dine jar ette paper papers cores | foil 
bags bags cartons. tins | packets | | 
| oo ate = | =) 
Soaked in water No Turned Fairly | A little — A little Very — Soft — 
for twelve hours, change to pulpy pulpy pulpy pulpy | 
representing a wet pulp 
night 
4 + } et = -| — = i } 
Left out of doors No Turned More Pulpy Rusty _ Pulpy Gone | — Gone — 
for three weeks change to pulpy | | 
_ pulp | 
_ ‘ 7] — + 2s a + 
 Tiesise with | | 
mechanical | 
hammer represent- No Torn Torn Squashed Bent Broken Squashed Gone Crushed Pulp Bent 
ing crushing and change 
beating by wave 
action or trampling» 
el 1 | | | a 
Left in low | 
temperature for 
twelve hours, rep- 
resenting a cold 








night 






Held in a flame, 
representing a 
bonfire 






Buried in soil 
for one month 


Shrivelled 


rapidly 
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Ideas for further investigations 
What kind of litter is likely to provide the greatest 
danger to grazing animals ? 


Can bottles people discard serve as traps for wild 
creatures ? See Leaflet no. 41 published for the School 
Natural Science Society, The Study of Small Mammal 
Remains from Discarded Bottles, by P. Morris. 


What are the arrangements in your town (or village) for 
keeping the surroundings clean and attractive ? 


What happens to household waste after it has been 
collected ? 





Finding the best building materials for 
the job 








The starting point could be a visit to a building site. 


On the site 


i 
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Here the houses can be seen in different stages of 
building. 


In what order are the jobs involved in building a house 
being done ? 

Could the sizes of different parts of a house be 
estimated and measured ? 

What materials are being used ? 

What does one workman do with the material at his 
disposal ? Children could choose different workmen to 
observe. 


If it is possible to get permission, collections could be 
made of the materials used in building the houses. 


Follow-up work in school 
Groups could carry out further studies of the main 
regions of a house under construction: 


Group 1, roof and ceilings. 

Group 2, walls, windows and doors. 
Group 3, floors and pipes. 

Group 4, foundations. 


Children in each group could suggest possible uses for 
the parts of the house they are studying and the 
conditions it will have to stand up to. Then they could 
select some materials from the class collection that 
might be suitable for these functions and devise some 
treatments to test their suitability. 


On page 85 is a table devised by a group working on roofs 
and ceilings. 


When the groups have completed their investigations 
their charts, together with the materials tested, can be 
brought together to form an exhibition. 


Through discussion based on this work children can 
suggest a list of materials required for ‘an ideal home’. 


Ideas for further investigations and 
collections 

1. If there are any period houses in the district children 
can try to discover what materials have been used in 
their construction and compare these with the materials 
that builders working on a modern housing estate 
would use. 








| 





Results of testing 































































What must Tests for = —- > — nie ee 
materials do? suitability Roofing Tile Wood Plaster Polystyrene 
felt | board | sheet 
| Observation of drops of i No No Soaks into 
water placed on surface penetration | penetration)’ some | 
_ Keep out rain r = 
_ Soak in pail of water for No No Becomes 
_ twenty-four hours effect effect heavier 
| Keep heat inside the Surround container with 
_ house material. Fill container | oseecececee 
with water at temperature min 
of 80° C. Note time 
required for temperature 
to fall to 50°C 
_ Resist wear and tear = Scratching, for hardness No. 1 on No.3 0n No. 2o0n. 
_ (See page 68) scale scale scale scale 
aes | — = ~ zt 
Height from which | | 
mechanical hammer Can _ rvcossssessssteee 
Resist strains produced produce an impression cm 
by conditions like — + 
strong winds Tearing Torn by | Torn by 
| load of load of 








Withstand changes of 
temperature 





_ Leave out of doors for 
three weeks (ideally this 

| should be done during 

_ hot sunny weather and 
cold frosty conditions) 


SS 





No 
chang 










e 




























2. What can destroy the materials in houses ? Collect 


information about: 


Death watch beetles. 
Damp rot. 

Dry rot. 

Weathering. 


3. How are houses: 

Built for strength ? 

Built of very light materials ? 

Built for people leading wandering lives ? 


4. Materials animals use for their homes or shelters. 
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What materials can children investigate ? 





Probably by the time children are twelve years of age 
they will have met and examined many materials, but 
they will not necessarily all have encountered the same 
ones, because their reasons for making investigations 


will have varied. It may, however, be helpful to teachers 
to have a list of common materials that children could 
study in different ways with their possible sources, as 
follows. 


These materials have been listed in accordance with 
adult knowledge of some of their properties and origins. 
How would they be arranged by children ? 

















































————=7 


















ee 
Materials Sources for collecting 
Rocks Igneous: granite, basalt, pumice Countryside, stonemason, chemist 
Sedimentary : clay, shale, limestone, 
chalk, coal, sandstone 
Metamorphic: slate, marble 
Soils Coarse and fine sand, gravel, loam, Countryside, garden shop or nursery, builders’ merchant 
alluvium, potting compost, peat, bulb fibre 
Woods Balsa, oak, ash, beech, pine, mahogany, Wood yard, Forestry Commission, offcuts from 
ebony, bark. secondary school woodwork department, countryside 
Wood pulp Strawboard, cardboard, corrugated card, Wood yard, grocer, art shop, stationer’s, do-it-yourself 
blockboard, Weyroc, hardboard, shop, ironmonger 
chipboard, Sundeala board 
Paper: newspaper, filter, blotting, tissue, 
cartridge, greaseproof 
Fabrics From animals: fur, wool, silk, serge, Dressmaker boxes from Nottingham Handicrafts Ltd 
leather 
From plants: cotton, linen, jute, tarlatan, 
elastic, sisal, hemp 
Man-made: nylon, rayon 
Metals Copper, iron, iron filings, lead, tin Waste ground, junk yard, home, ironmonger, offcuts 
(tinfoil), zinc, aluminium, chromium, from technical college workshops 
steel, brass, gold, silver 
Plastics Acetate sheeting, fibreglass, polythene, Stationer’s shop, do-it-yourself shop, hardware shop 
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expanded polystyrene (balls and 
sheets), Vinolay, Perspex, Alkathene 


















1 = 
Materials Sources for collecting 


b 






















Flint, brick, wood, asbestos, Building site (after obtaining permission) 
sand, stones, slate, tiles, glass, 

metals, plastics, plasterboard, 

rubber, bitumen, mortar, 

concrete 


Building materials 





J 





Copper sulphate, sodium nitrate, Local secondary school 
potassium nitrate, sulphur, 
potassium permanganate 


Common.chemicals 





Liquids Water from sea, stream, pond, Countryside, chemist, grocer, supermarket, road 
river, tap mender, home 
Juices from fruits, berries, 
vegetables 


Milk, cream, vinegar, ink, paste, 
glue, eucalyptus oil, detergent, 
turpentine and paraffin 
(supervised because of 
inflammable properties) 








Sugar, salt, bath salts, alum, Chemist, grocer, supermarket, home 
washing soda, sodium 
bicarbonate, health salts 


Crystalline solids 










———— 





Powders Flour, starch, arrowroot Home, chemist, grocer, supermarket 











Fats Butter, lard, margarine, Trex, Home, grocer, supermarket 


dripping 












Miscellaneous Linoleum, rubber, china, Hardware shop, nursery or garden shop, furniture shop 
earthenware, ceramics, 
vermiculite, soap, candles, 


gelatine, cork 
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Children’s sorting activities 





In this book there are many references to the value of 
encouraging children to sort their finds into some kind 
of arrangement they find meaningful. There will 
certainly be many times when they will want to treat 
common materials in this way, so this might be a good 
time to think more carefully about their actions. 


It is quite obvious that children and adults will often 
arrange the same things in different ways and the 
reason for this is not difficult to discover. One looks for 


differences to separate things into sets and in order to 
suggest that certain items should become one of the 
sub-sets within a larger set. As children’s experience of 
observation and testing widens so will they discover 
more ways of improving on their earlier arrangements. 


The important question for teachers is whether there is 
any recognisable pattern of development in the way this 
happens with children. 


The following chart shows some of the criteria primary 
school children have been observed using when sorting 
materials, together with suggestions of sub-sets that 
might arise from their observation and testing. 
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Materials 
Heterogeneous | Homogeneous sets 
sets | 
| 
Criteria used in | - Sub-sets proposed 
testing materials > & 3 rol by children after 
== ie oe dale 5) testin 
mc) i} On, £ ro a | 
oO |= 9g = xe 
Be its | 8 
® © | oO 
ISS /5F/£ 1/314 wea Se a on ome” 
BEsOG OC ON Olio vila ab 6 lee = So + = 
[sal C22 al Sarees 0: Olde Oo meno omiers 
IS9ls3/5 |o |9 | 5 C © & S 
to 2a a la |e |e Si ng a Oe 
ii a | | | 
|Using the senses 
Colour Veli | V J V V V Vv | Dyes | v J Vv Pretty, ugly things 
give Red, blue, materials 
| colour 
= ---___| + + + + 
Shape Ey ony Round, oval, irregular 
some | ... things 
a E —_ ates 2 4 at : I + 
Size (by looking) Pa cana V V V Big, small... things 
— ——__|__— + 
Texture (by feeling) J | V V V Rough, smooth things 


Wet, dry things 
Oily, sticky, watery 
liquids 
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j a i Materials 
| 





























Heterogeneous 
Homogeneous sets 
sets 
— er . ‘ : . = 
Criteria used in x) Sub-sets proposed 
testing materials > o 2 by children after 
eS = = : 
| en 33 on # rf testing 
<2 Oun cs 0) ao) 
yee ES ° 
® © n 7?) 
epg (cE l= |2 |» Cy eth Ss Be 
f= Oro cont Te) x ” O = = © 7 = 
=pom ote oe Oa Chm Ona c rae 12) 12) & 
CoG EB eo ee) eR a 
sipga drome Ce Ce ae ee ee ee ee ire | re 
Mass (by holdingin =—s_v COR >) iM a ee Wa |) oy es Vv Heavy, light things 
one’s hand) | | 
Physical state, liquid yV Wi | Vv | Solids, liquids 
solid (by | | | | 
observation) | | 
Taste ary, vee ae V Things | like, things | 
some some some don't like 
| Nice, nasty things 
| | Sweet, sour, bitter 
| flavours 
= — - = —- 4 el 4 = : + 
Smell dell go | | Vv Pleasant, unpleasant 
| smells 
| Fragrant, pungent 
i La | __* smells a eee 





I ! | 1 i a | = 





In the tables on pages 88-91, vy indicates that the criteria listed were applied. 
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Materials 


































































































Heterogeneous Homogeneous sets 
sets 
Ae 
mee | Sy & 2 
Criteria used in ri t= 7} = 
: : e201 O = 
testing materials =o1/co| & _ 
Sul ae) = 8 
Eo/S5|/3)/a)/¥) 2) 5/8] = | 8] Fs 
= SSS ies [esaies iro | See Cape ome 
tO cn | On) OS) eo LL =ila 
Testing physical " 
properties 
= SE st a 4 
Mass (mM) V Vv V V v V Vv V V V V 
Volume (v) J V V V V V V V 
; + — = 
Size of particle, J 
by sieving 
Resistance to V V V V V V Vv V 
crushing or pulling 
+~ 
Extent marked by V J J V J v JV 
scratching 
Fluidity (ability to V V 
flow) some some 
“yp. if tees | / 
Ability to absorb V J v J V Vv J Vv v J 
liquids some some 
ens Ra pa 
Permeability to water | Vv J V V V V J V J JV 
some some / 
Ability to conduct V v V V Vv v V V Vv 
heat some some 
Ability to conduct V V V V V J V V 
some some 


electric current 
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Liquids 


Sub-sets proposed 
by children after 
testing 


0-5 g; 5-10g; 
10-15 g; etc 


0-10 ml; 
etc 


10-20 ml; | 





Coarse, fine sand; 
silt; clay 


_ Strong, brittle materials 
Elastic, rigid materials 


Hard, soft materials 





Runny, sticky liquids 
Fluid, viscous liquids 


Absorbent, non- 
absorbent materials 





Permeable, 
impermeable solids 





Conductors; 
insulators 


pone 
jah condes 













































































H 
peor Oenecs Homogeneous sets 
sets 
n 
oe Go i 2. 
Criteria used in a| & o = Sub-sets proposed 
; : nO} On| ro : 
testing materials| 37 O £ 2 © 5 by children after 
re E ° testing 
fo @é Ol g ” 
© ) fe E c ) Hs m) Ss 8 2) Oo 2b 
Bee oa Soa es co ripe rey crs tre) eS 
=s S SHS pica Wewolkso eo neo ko ee ae 
to Pe Oe Cae eS cee et oo) | oS 
Testing chemical 
properties | 
Solubility in water P| We ee Paes | Soluble, insoluble 
| | materials 
Solubility in weak V V Vl eV vale ey! 4/1" ond LN ey Soluble, insoluble 
acid (10% HCl) | materials 
Effect on indicators J J J | Vv. Acids; alkalis 
Ability to burn V J V J Vv V J V V V V Vv | Combustible, non- 
combustible materials 
Knowledge of origin’ vv J v7 Jie oh « Ni JV | Animal, vegetable, 
| mineral materials 
Igneous, sedimentary, | 
metamorphic rocks 
Natural, man-made 
materials 
Observation of way | | Foods; drinks; dyes; 
used polishes ; inhalants ; 














adhesives; abrasives 

















A sorting summary bringing together materials into a set of ‘nice things’ or 
Children’s early attempts to put things with similar ‘things | like’ while another child may think some of the 
properties together will be intuitive, relying on same things are nasty or should be disliked. Further 
impressions gained through the senses, particularly sensory experience leading to understanding of words 
those of touch, sight, smell and taste (under with more precise meanings such as sweet or bitter, 
supervision). At this stage they will also be influenced round or square, will give them better criteria to apply 
by personal likes and dislikes, so we may have one child to their sorting and help them to reach closer agreement. 
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Deeper understanding of other words may affect the 
size of a collection, for example a small set of blue 
things may become much larger as children realise that 
‘blue’ can refer to many different tints and shades of the 
same colour. 


Testing materials will become very popular as children’s 
natural liking for manipulating real things and seeing 
what happens to them in different situations develops. 
This is the time when argument and discussion will also 
escalate rapidly, for the best ways of testing must be 
determined. When investigations reveal many 
similarities and differences hitherto unknown, many 
more ways of dividing collections into sub-sets become 
possible, and some of these may be better than others. 


When children bring a quantitative approach to their 
testing they will make further discoveries, meet fresh 
problems, and find more complex matters to discuss. 
They will often find that the information gained through 
weighing and measuring enables them not only to 
divide a collection into sub-sets. but also to arrange 
members of a sub-set in a series. 


When this is done it may be that there is no greater size 
or mass difference between the first and last members of 
two adjacent sub-sets than between two neighbours in 
the same sub-set. Children can divide a collection that 
can be arranged sequentially into sub-sets by using the 
idea of items within certain ranges: in this way pebbles, 
alike in having a mass of not less than 5 g and not more 
than 10 g, can be one of the subdivisions of a set of 
pebbles. 


The more children try to base their sorting on precise 


measurements the more likely they are to meet a 
problem in classification, the borderline case, something 
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that can sometimes belong to one sub-set of a 
collection and sometimes to another because the 
property measured to determine its place can vary. 


Other difficulties arise when children try to decide 
whether their materials should be sorted according to 
their mass or volume. The fact that heavy things can be 
large or small and small things heavy or light can cause 
confusion. When this happens the teacher should 
consider whether knowledge of density would provide a 
better criterion for sorting and whether the children are 
ready for the kind of experience that will help them to 
gain some understanding of that concept. 


All that has been said so far about the way young 
children tackle the job of sorting and arranging things 
suggests that they progress from the use of intuitive 
methods to an active search for criteria which help them 
to arrange their collections with ever-increasing 
precision. 


These activities are certainly worthwhile for they give 
the children many chances to make decisions, argue 
and defend a point of view. The more efficiently they 
order and sort materials, the more systematically they 
will be able to plan further investigations. As they go on 
to upper schools these investigations should continue in 
more sophisticated ways beyond the scope of this book 
to describe. Many will get to know ways of separating 
elements from compounds, grouping substances 
according to their chemical reactions and calculating 
their atomic masses. And so perhaps the experiences of 
sorting materials children can meet on the route from 
infant school to sixth form could help them to 
appreciate the sorting which gives us a collection of the 
chemical elements arranged sequentially and in 
sub-sets: the Periodic Table. 
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What we mean by Stage 1, Stage 2 and Stage 3 





Stage 1 


The characteristics of thought among infant children differ in 


Attitudes, interests and aesthetic awareness 


.00/.10 


7.07 


Willingness to ask questions 





Transition fromimportant respects from those of children over the age of about 7.02 Willingness to handle both living and non-living material. 
intuition to seven years. Infant thought has been described as ‘intuitive’ by 7.03 Sensitivity to the need for giving proper care to living 
concrate Piaget; it is closely associated with physical action and is things. 
: dominated by immediate observation. Generally, the infant is not 7.04 Enjoyment in using all the senses for exploring and 
operations. able to think about or imagine the consequences of an action discriminating. 
Infants unless he has actually carried it out, nor is he yet likely to draw 7.05 Willingness to collect material for observation or 
generally. logical conclusions from his experiences. At this early stage the investigation. 
objectives are those concerned with active exploration of the 
immediate environment and the development of ability to discuss 
and communicate effectively : they relate to the kind of activities 
that are appropriate to these very young children, and which 
form an introduction to ways of exploring and of ordering 
observations. 
Sonerets In this Stage, children are developing the ability to manipulate 1.06 Desire to find out things for oneself. 
operations. things mentally. At first this ability is limited to objects and 1.07 Willing participation in group work. 
Early stage. materials that can be manipulated concretely, and even then only 1.08 Willing compliance with safety regulations in handling 
in a restricted way. The objectives here are concerned with tools and equipment. ; 
developing these mental operations through exploration of 7.09 Appreciation of the need to learn the meaning of new 
concrete objects and materials—that is to say, objects and words and to use them correctly. 
materials which, as physical things, have meaning for the child. 
Since older children, and even adults prefer an introduction to 
new ideas and problems through concrete example and physical 
exploration, these objectives are suitable for all children, 
whatever their age, who are being introduced to certain science 
activities for the first time. 
Stage 2 In this Stage, a continuation of what Piaget calls the stage of 2.01. Willingness to co-operate with others in science activities. 
Concrete concrete operations, the mental manipulations are becoming 2.02 Willingness to observe objectively. 
operations. more varied and powerful. The developing ability to handle 2.03 Appreciation of the reasons for safety regulations. 
Later stage variables—for example, in dealing with multiple classification— 2.04 Enjoyment in examining ambiguity in the use of words. 
; means that problems can be solved in more ordered and 2.05 Interest in choosing suitable means of expressing results 
quantitative ways than was previously possible. The objectives and observations. 
begin to be more specific to the exploration of the scientific 2.06 Willingness to assume responsibility for the proper care of 
aspects of the environment rather than to general experience, as living things. 
previously. These objectives are developments of those of Stage 2.07 Willingness to examine critically the results of their own 
1 and depend on them for a foundation. They are those and others’ work. 
thought of as being appropriate for all children who have 2.08 Preference for putting ideas to test before accepting or 
progressed from Stage 1 and not merely for nine- to eleven- rejecting them. 
year-olds. 2.09 Appreciation that approximate methods of comparison may 
‘be more appropriate than careful measurements. 
ree NS er 
Stage 3 This is the Stage in which, for some children, the ability to think 3.07 Acceptance of responsibility for their own and others’ 
Transition to about abstractions is developing. When this development is safety in experiments. 
stage of complete their thought is capable of dealing with the possible 3.02 Preference for using words correctly. 
sbetract and hypothetical, and is not tied to the concrete and to the here 3.03 Commitment to the idea of physical cause and effect. 
Sees and now. It may take place between eleven and thirteen for some 3.04 Recognition of the need to standardise measurements. 
thinking. able children, for some children it may happen later, and for 3.05 Willingness to examine evidence critically. 
others it may never occur. The objectives of this stage are ones 3.06 Willingness to consider beforehand the usefulness of the 
which involve development of ability to use hypothetical reasoning results from a possible experiment. ; 
and to separate and combine variables in a systematic way. 3.07 Preference for choosing the most appropriate: means of 
They are appropriate to those who have achieved most of the expressing results or observations. j 
Stage 2 objectives and who now show signs of ability to 3.08 Recognition of the need to acquire new skills. : 
manipulate mentally ideas and propositions. 3.09 Willingness to consider the role of science in everyday life. 
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Attitudes, interests and aesthetic awareness Observing, exploring and 


ordering observations 
.00/.10 .20 





7.27 Appreciation of the variety of living things and materials 
in the environment. 

7.22 Awareness of changes which take place as time passes. 

7.23 Recognition of common shapes—square, circle, triangle. 

7.24 Recognition of regularity in patterns. 

7.25 Ability to group things consistently according to chosen or 
given criteria. 


7.11 Awareness that there are various ways of testing out ideas 7.26 Awareness of the structure and form of living things. 
and making observations. . 7.27 Awareness of change of living things and non-living 
7.72 Interest in comparing and classifying living or non-living materials. 
things. 7.28 Recognition of the action of force 
1.73 Enjoyment in comparing measurements with estimates. 7.29 Ability to group living and non-living things by 
7.14 Awareness that there are various ways of expressing results observable attributes. 


and observations. 

7.15 Willingness to wait and to keep records in order to observe 
change in things. 

7.16 Enjoyment in exploring the variety of living things in the 
environment. 

7.17 \nterest in discussing and comparing the aesthetic qualities 


7.29a Ability to distinguish regularity in events and motion. 





of materials. 

2.11 Enjoyment in developing methods for solving problems or 2.21 Awareness of internal structure in living and non-living 
testing ideas. things. states 

2.12 Appreciation of the part that aesthetic qualities of materials 2.22 Ability to construct and use keys for identification. 
play in determining their use. 2.23 Recognition of similar and congruent shapes. 

2.13 Interest in the way discoveries were made in the past. 2.24 Awareness of symmetry in shapes and structures. 


2.25 Ability to classify living things and non-living materials in 
different ways. 

2.26 Ability to visualise objects from different angles and the 
shape of cross-sections. 





3.11. Appreciation of the main principles in the care of living 3.21 Appreciation that classification criteria are arbitrary. 
things. 3.22 Ability to distinguish observations which are relevant to 
3.12 Willingness to extend methods used in science activities the solution of a problem from those which are not. 
to other fields of experience. 3.23 Ability to estimate the order of magnitude of physical 
quantities. 
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Developing basic concepts and logical Posing questions and devising experiments 


thinking or investigations to answer them 

.30 .40 
Stage 1 7.31 Awareness of the meaning of words which describe 1.41 Ability to find answers to simple problems by investigation. 
Transition from various types of quantity. 1.42 Ability to make comparisons in terms of one property or 
ituition'sé 7.32 Appreciation that things which are different may have variable. 


features in common. 





concrete 
operations. 
Infants 
generally. 
Concrete 7.33 Ability to predict the effect of certain changes through 7.43 Appreciation of the need for measurement. 
Operations. observation of similar changes. 1.44 Awareness that more than one variable may be involved in 
Early stage. 1.34 Formation of the notions of the horizontal and the vertical. a particular change. 
7.35 Development of concepts of conservation of length and 
substance. 
7.36 Awareness of the meaning of speed and of its relation to 
distance covered. 
Stage 2 2.31 Appreciation of measurement as division into regular parts 2.41 Ability to frame questions likely to be answered through 
Concrete and repeated comparison with a unit. investigations. 
re 2.32 Appreciation that comparisons can be made indirectly by 2.42 Ability to investigate variables and to discover effective 
cat hog use of an intermediary. ones. 
Later stage. 2.33 Development of concepts of conservation of weight, area 2.43 Appreciation of the need to control variables and use 
and volume. controls in investigations. 
2.34 Appreciation of weight as a downward force. 2.44 Ability to choose and use either arbitrary or standard 
2.35 Understanding of the speed, time, distance relation. units of measurement as appropriate. 
2.45 Ability to select a suitable degree of approximation and 
work to it. 


2.46 Ability to use representational models for investigating 
problems or relationships. 


NL 


Stage 3 3.31 Familiarity with relationships involving velocity, distance, 3.41 Attempting to identify the essential steps in approaching 
Transition to time, acceleration. a problem scientifically. 
3.32 Ability to separate, exclude or combine variables in 3.42 Ability to design experiments with effective controls for 
stage of approaching problems. testing hypotheses. 
abstract 3.33 Ability to formulate hypotheses not dependent upon 3.43 Ability to visualise a hypothetical situation as a useful 
thinking. direct observation. simplification of actual observations. 
3.34 Ability to extend reasoning beyond the actual to the 3.44 Ability to construct scale models for investigation and to 
possible. appreciate implications of changing the scale. 
3.35 Ability to distinguish a logically sound proof from others 
less sound. 
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Acquiring knowledge and learning skills Acquiring knowledge and learning skills 


.50/.60 .50/.60 


$a 
7.51 Ability to discriminate between different materials. 
7.52 Awareness of the characteristics of living things. 
7.53 Awareness of properties which materials can have. 
1.54 Ability to use displayed reference material for identifying 
living and non-living things. 
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7.55 Familiarity with sources of sound. 7.61 Appreciation of man’s use of other living things and their 
7.56 Awareness of sources of heat, light and electricity. products. 
7.57 Knowledge that change can be produced in common 7.62 Awareness that man’s way of life has changed through 
substances. the ages. 
7.58 Appreciation that ability to move or cause movement 7.63 Skill in manipulating tools and materials. 
requires energy. 1.64 Development of techniques for handling living things 
7.59 Knowledge of differences in properties between and correctly. 
within common groups of materials. 7.65 Ability to use books for supplementing ideas or 
information. 


ae ee ee ee 

2.517 Knowledge of conditions which promote changes in living 
things and non-living materials. 

2.52 Familiarity with a wide range of forces and of ways in 
which they can be changed. 

2.53 Knowledge of sources and simple properties of common 
forms of energy. 

2.54 Knowledge of the origins of common materials. 

2.55 Awareness of some discoveries and inventions by famous 
scientists. 

2.56 Knowledge of ways to investigate and measure properties 
of living things and non-living materials. 

2.57 Awareness of changes in the design of measuring 
instruments and tools during man’s history. 

2.58 Skill in devising and constructing simple apparatus. 

2.59 Ability to select relevant information from books or other 
reference material. 





3.51 Knowledge that chemical change results from interaction. 3.61 Appreciation of levels of organisation in living things. 
3.52 Knowledge that energy can be stored and converted in 3.62 Appreciation of the significance of the work and ideas of 
various ways. some famous scientists. 
3.53 Awareness of the universal nature of gravity. 3.63 Ability to apply relevant knowledge without help of 
3.54 Knowledge of the main constituents and variations in the contextual cues. 
composition of soil and of the earth. 3.64 Ability to use scientific equipment and instruments for 
3.55 Knowledge that properties of matter can be explained by extending the range of human senses. 


reference to its particulate nature. 
3.56 Knowledge of certain properties of heat, light, sound, 
electrical, mechanical and chemical energy. 
3.57 Knowledge of a wide range of living organisms. 
3.58 Development of the concept of an internal environment. 
3.59 Knowledge of the nature and variations in basic life 
processes. 97 


Communicating Appreciating patterns and relationships 


.70 .80 


Stage 1 7.71 Ability to use new words appropriately. 7.81 Awareness of cause-effect relationships. 
1.72 Ability to record events in their sequences. 
7.73 Ability to discuss and record impressions of living and 





Transition from 





intuition to non-living things in the environment. 

concrete 1.74 Ability to use representational symbols for recording 

operations. information on charts or block graphs. 

infants 

generally. 

Concrete 1.75 Ability to tabulate information and use tables. 1.82 Development of a concept of environment. 

operations. 1.76 Familiarity with names of living things and non-living 1.83 Formation of a broad idea of variation in living things. 

Earl materials. 71.84 Awareness of seasonal changes in living things. 

arty stage: 1.77 Ability to record impressions by making models, painting 7.85 Awareness of differences in physical conditions between 

or drawing. different parts of the Earth. 

Stage 2 2.71 Ability to use non-representational symbols in plans, 2.81 Awareness of sequences of change in natural phenomena. 

manera charts, etc. 2.82 Awareness of structure-function relationship in parts of 

: 2.72 Ability to interpret observations in terms of trends and living things. 

operations. rates of change. 2.83 Appreciation of interdependence among living things. 

Later stage. 2.73 Ability to use histograms and other simple graphical forms 2.84 Awareness of the impact of man’s activities on other living 
for communicating data. things. 

2.74 Ability to construct models as a means of recording 2.85 Awareness of the changes in the physical environment 

observations. brought about by man’s activity. 


2.86 Appreciation of the relationships of parts and wholes. 


a 


Stage 3 3.71 Ability to select the graphical form most appropriate to 3.81 Recognition that the ratio of volume to surface area is 
Trancition tO the information being recorded. significant. ; 

3.72 Ability to use three-dimensional models or graphs for 3.82 Appreciation of the scale of the universe. 
stage of recording results. 3.83 Understanding of the nature and significance of changes 
abstract 3.73 Ability to deduce information from graphs: from gradient, in living and non-living things. : 
thinking. area, intercept. 3.84 Recognition that energy has many forms and is conserved 

3.74 Ability to use analogies to explain scientific ideas and when it is changed from one form to another. 

theories. 3.85 Recognition of man’s impact on living things— 


conservation, change, control. 
3.86 Appreciation of the social implications of man’s changing 
use of materials, historical and contemporary. 
3.87 Appreciation of the social implications of research in 
science. 
98 3.88 Appreciation of the role of science in the changing 
pattern of provision for human needs. 


Interpreting findings critically 


.90 





7.91 


1:92 


Awareness that the apparent size, shape and relationships 
of things depend on the position of the observer. 


Appreciation that properties of materials influence their 
use. 





2.91 
2.92 


2.93 
2.94 


Appreciation of adaptation to environment. 

Appreciation of how the form and structure of materials 
relate to their function and properties. 

Awareness that many factors need to be considered when 
choosing a material for a particular use. 

Recognition of the role of chance in making measurements 
and experiments. 
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3.92 
3.93 
3.94 
3.95 
3.96 


Ability to draw from observations conctusions that are 
unbiased by preconception. : 
Willingness to accept factual evidence despite perceptual 
contradictions. 

Awareness that the degree of accuracy of measurements 
has to be taken into account when results are interpreted. 
Awareness that unstated assumptions can affect 
conclusions drawn from argument or experimental results. 
Appreciation of the need to integrate findings into a 
simplifying generalisation. 

Willingness to check that conclusions are consistent with 
further evidence. 


These Stages we have chosen conform 


to modern ideas about children’s learning. 


They conveniently describe for us the 


mental development of children between the 


ages of five and thirteen years, but it must 


be remembered that ALTHOUGH 


CHILDREN GO THROUGH THESE STAGES 


IN THE SAME ORDER THEY DO NOT 
GO THROUGH THEM AT THE SAME 
RATES. 


SOME children achieve the later Stages at an 


early age. 


SOME loiterin the early Stages for quite a time. 


SOME never have the mental ability to 
develop to the later Stages. 


ALL appear to be ragged in their movement 


from one Stage to another. 
Our Stages, then, are not tied to 


- chronological age, so in any one class of 


children there will be, almost certainly, some 


children at differing Stages of mental 
development. 
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Absorption of liquids by various materials, 72 
Acids 
heating, 79 
On various materials, 78 
Air 
dry and damp, on various materials, 78 
insects in, 14 
moving and still, animal behaviour in, 60 
Animals 
in different environments, 58 
dividing into sets, 29 
food passage, 66 
habitats, 52 
hearing, 24 
looking for, 12 
microscope examination, 22 
movements, 52 
reaction to smells, 25 
sounds, 24 
surface area measurement, 27 
various parts, 22 
Aquatic animals 
effect of light, 59 
movement, 52, 57 
in moving and still water, 60 
Area, 44 
eaten leaf, 64 
surfaces of animals, 27 
Aspirator, 12 
Assignment cards, 6 


Balances, 45, 47 
Ball bearings, fall through liquids, 72 
‘Beamer’ balance, 46 
Beetles, great diving, 63 
Behavioural studies, 52 
Bending, 69 
Boiling, various liquids, 79 
Bones, bending test, 69 
Branches, bending test, 69 
Breaking strength, 69 
Building materials, 84 

hardness test, 68 

water absorption, 72 _ 
Building site, 

demonstration of force, 38 
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Burning, 78 

Burrowing 
forces involved, 38 
speed, 57 

Butterflies, movement, 56 


Caterpillars, feeding, 64 
Charts and tables 

animal classification, 28 

building materials, 85 

density, 48 

elasticity, 77 

environmental effects, 83 

feeding habits, 62 

hardness, 68 

heat effects, 78 

leaf litter, 15 

litter, 83 

materials, 83, 86 

testing, 88 

measuring, 30 

plant habitats, 10 

SI units, 44 

weighing, 35, 40, 49 
Chemical elements, 92 
Chemical indicators, 80 
Chemical properties, tables of, 91 
Classification, 29 
Classroom investigations, 55 
Clay, various tests on, 69 
Collections, 9, 84 
Colours, 21 

various experiments, 79 
Comparative studies, 16 
Conservation, 18, 82 
Cooling graphs, 74 
Cotton 

elasticity, 75 

strength, 70 
Cottonwool, heat transfer in, 74 
Counting, 28 
Countryside 

conservation, 18, 82 

visits, 9 


Damp courses, 72 





Decantation, 81 

Decay, 25 

Density, 34, 47 
Desiccator, 78 

Displays, 10, 16 

Down, heat transfer in, 74 
Dropping tests, 70 
Dyeing, 79 
Dynamometers, 43 


Elastic bands 
extension under load, 77 
for weighing, 44 
Elastic limit, 77 
Elasticity, of various materials, 75 
Electrical conduction, of various materials, 75 
Environments, effects on animals, 58 
Error, 27, 
Estimation, 26 
Evaporation, 81 


Fabrics 
colour changes, 79 
heat transfer, 74 
tearing test, 70 
water absorption, 73 
Feathers, bending test, 69 
Feeding habits, 61 
caterpillars, 64 
silk worms, 66 
Feeling, investigation by, 24 
Fieldwork, 9 
Filtering, 81 
Fish, in fresh water, 13 
Flavours, 26 
Flow, liquids through holes, 71 
Flow chart, animals, 29 
Flowers 
attraction to insects, 58 
colours, 21 
patterns, 22 
scent, 25 
Food, passage through animals, 66 
Force, concept, 34, 36 
Fresh water, various creatures in, 13 
Frost, effect on various materials, 78 


Glass, colour mixing, 80 
Gradients, test on animals, 58 
Gravitation, 40 

Ground, mammals on, 14 


Habitats, 10 
animal movements in, 52 
Hair, strength, 70 
Hardness, of various materials, 68 
Hearing, of animals, 24 
Heat 
effect on various materials, 78 
transfer in various materials, 74 
Height measurement, 27 
Hooke’s Law, 77 
Humidity, effect on animals, 59 


Insects 
attraction by plants, 25 
collecting,'12 
movements, 56 
Instruction cards, 6 
Interpretation of results, 55 
Invertebrates, 12 
Investigations, thoroughness, 5 


Leaf litter, as animal habitat, 13 
Leaves, 9 
collections, 28 
eating by caterpillar, 64 
mining insects on, 14, 55 
tearing test, 70 
various properties, 32 
Lifting, demonstration of force, 38 
Light, 21 
effect on aquatic creatures, 59 
reflection, 22 
Linen, strength, 70 
Liquids 
ball bearing falling through, 72 
mixing, 81 
on various materials, 78 
Listening, investigation by, 24 
Litmus, 80 
Litter, in countryside, 82 
Looking, 20 
for animals, 12 
for plants, 9 


Magnetic tests, 71 
separation, 81 
Magnifiers, 12 
stereomagnifiers, 21 
Mammals, on ground, 14 
Marshland, 18 


Mass 
concept, 34, 35 
distinction from weight, 40 
measurement, 35 
units, 34 
Materials testing, 67 
microscope examination, 22 
tables of, 88 
Mazes, insects in, 60 
Measurement, 30 
Metals 
electrical conduction, 75 
various tests on, 69 
in water, 73 
weighing, 48 
Microscopes, 21 
examination by, 22 
Milk, effect of heat, 79 
Mixing, various materials, 81 
Model making, 33 
Motion of animals, 52 
Mud, under water, for various creatures, 14 


Nailing, as hardness test, 68 
Nectar, searching for, 64 
Newtons, 43 


Objectives, 7 
Oils, ball bearing falling through, 72 


Paints, colour mixing, 80 
Paper 
bending test, 69 
colour mixing on, 80 
effects of heat, 78 
electrical conduction, 75 
Particulate matter 
mixing, 81 
water absorption, 73 
Periodic table, 92 
Physical properties, tables of, 90 
Plan making, 4 
Plankton net, 13 
Plants 
collections, 9 
habitats, 10 
microscope examination, 23 
patterns in, 22 
scent, 25 
various parts, 22 
Plastics 
effects of heat, 78 
electrical conduction, 75 
strength tests, 70 
in water, 73 
Poisons, 25 
Pollen, microscope examination, 23 
Projects, 82 


Quantitative investigations, 15 


Records, 5 
Rocks, various tests on, 69 
Rubber, elasticity, 75 

in water, 77 


Scratching, 68 
Sea water 
creatures in, 13 
heating, 79 
Seashore, 54, 59 
Senses, in testing materials, 88 
Separation, of various materials, 81 
Sets 
of masses, 48 
of materials, 88 
Shape, 21 
Silk, elasticity, 75 
Silkworm, feeding habits, 66 


Smelling, 25 
Snails, 55, 56 
Soil 


as animal habitat, 12 

litmus tests, 81 

water absorption, 74 
Solutions, 77 
Sorting, 88 

flavours, 26 
Spring balance, 40 
Springs, extension under load, 76 
Steelyard, 46 
Stems, bending test, 69 
Structure, 21 


Tasting, 25 

Tearing test, 70 

Thermal insulation, 75 
Thickness measurement, 27 
Threads, breaking test, 70 
Traps, 14 

Tulgren funnel sieve, 13 
Twigs, bending tests, 69 


Units, 30, 34 


SI, 44 


Velocity, 44 
Vivariam, 56 
Volume, units, 34, 44 


Water 
absorption by various materials, 72 
ball bearing falling through, 72 
downward flow, 73 
heating, 78 
moving and still, animal behaviour in, 60 
vapour, effect on various materials, 77 
on various materials, 77 
see a/so Fresh water; Sea water 
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Weighing, 40 


silkworms, before and after eae’ 66 Wire 

Weight elasticity, 75 
concept, 39 strength, 70 
distinction from mass, 40 Woodland, 18 
elementary notions, 24 Woodlice container, 58 
measurement, 40 ; _Wood 
units, 34 effects of heat, 78 
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electrical conduction, 75 


hardness, 68 
water absorption, 73 
weighing, 48 
Wool 
elasticity, 75 
strength, 70 , 
Wormeries, 57 
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Science 5/13 titles 

With objectives in mind 

Early experiences 

Time Stages 1 and 2, and Background 
Structures and forces Stages 1 and 2 
Structures and forces Stage 3 
Working with wood Stages 1 and 2 
Working with wood Background 
information 

Science from toys Stages 1 and 2, and 
Background 

Science, models and toys Stage 3 


Holes, gaps and cavities Stages 1 and 2 Using the environment 
Metals Stages 1 and 2 1 Early explorations 
Metals Background information 


Change Stages 1 and 2 

Change Stage 3 

Minibeasts Stages 1 and 2 

Ourselves Stages 1 and 2. 

Like and unlike Stages 1, 2 and 3 

Coloured things Stages 1 and 2 4 Ways and means 
Trees Stages 1 and 2 

Children and plastics Stages 1 and 2, and 


Background 





